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AND  PREPARATIONS. 


THOMAS  E.  JENKINS,  M.  D. 
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To  Hon.  R.  C.  MoCoRiacK, 

Cammiasioner-General : 

Sir:  I  have  the  honor  to  send  yon  herewith  the  report  of  Dr.  Thomas  E.  Jenkins^ 
Commissioner  of  the  United  States  from  Kentucky  to  the  Paris  Exposition  of  1878,  ns 
member  of  the  International  Jury  of  Reoompenses  in  the  Jory  of  Class  47. 

During  his  last  illness  Dr.  Jenkins  sent  for  me  and  placed  his  report  in  .my  hands, 
with  the  request  that  I  revise  and  prepare  it  for  publication.  In  fulfilling  his  com- 
mission I  have  been  able  to  do  very  little  more  than  make  some  slight  changes  in 
nomenclature — suggested  by  him — and  arrange  the  sheets  in  the  proper  order. 

Very  respectfully, 

SAM.  G.  STEVENS. 


[Bxtmot  ftom  the  Official  ClaMiiloatloii.] 
CLASS  47.--CHEMICAL  AND  PHARMACEUTICAL  PRODUCTS. 

Acids,  alkalies,  salts  of  all  kinds.  Sea-salt  and  products  extracted  from  mother- 
water. 

Various  products  of  chemistry :  wax  and  fatty  substances;  soaps  and  candles;  raw 
materials  used  iu  perfumery ;  resins,  tar,  and  the  product-s  derived  f^om  them ;  essences 
and  varnishes;  various  coating  substances;  blacking.  Objects  made  of  india-rubber 
and  gutta-percha ;  dyes  and  colors. 

^Hneral  waters  aud  natural  and  artificial  aSrated  waters.  Raw  materials  used  in 
phnimacy.    Medicines,  simple  and  mode  up. 

CLASS  53.— APPARATUS  USED  IN  CHEMISTRY,  PHARMACY,  AND  TANNING. 

Lalioratory  utensils  and  apparatus. 

Apparatus  and  instruments  used  in  assays  for  industrial  and  commercial  purposes. 

Process  and  appliances  used  in  the  manufacture  of  chemicals,  forges,  and  candles. 

Pi'oresses  and  apparatus  used  in  the  manufacture  of  essences,  varnishes,  and  articles 
made  ot  india-rubber  and  gutta-percha. 

P^'ocesaes  and  apparatus  used  in  gas  works. 

Processes  and  apparatus  used  in  bleaching. 

Processes  used  in  the  preparation  of  pharmaceutical  products. 

Processes  used  in  tan-yards  and  in  leather-dressing. 

Processes  and  apparatus  used  in  glass  works  and  in  china  and  earthenwaxe  nuum- 
factories. 
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OK 

CHEMICAL  AND  PHARMACEUTICAL  PROCESSES  AND 

PREPARATIONS. 


nrTRODUGTION. 

Seven  world's  fiftirs  have  been  held  since  the  Giystal  Pal-  Beibr- 

ace  was  erected  in  Hyde  Park  in  1851^  at  intervals  of  two,  ^orid's^y^ 
three,  four,  five,  and  seven  years,  which  have  progressively 
grown  in  extent,  comprehensiveness,  variety,  interest,  mag- 
nificence, importance,  and  usefulness,  until  the  present  Ex-    ^,^  P«ria  Sz- 
position  at  Paris  opened  upon  the  world  with  its  unpre- rented  in  extent 
cedented  exhibition  of  the  results  of  the  genius,  skill,  and 
industry  of  all  peoples,  surpassing  all  its  predecessors  in 
magnitude  and  in  splendor,  and  serving  as  a  monument  to 
the  wisdom  and  taste  of  the  people  who  stand  first  among 
nations  in  the  material  industries  as  well  as  in  literature 
and  art. 

The  frequency  of  these  x>eaceful  international  contests  for  ^^^  *^^SS 
supremacy  in  the  useful  arts  leaves  little  time  between  any  tions  limits  the 

extent  of  novel* 

two  of  them  for  the  manifestation  of  any  general  striking  ties  preMnted. 
progress  in  the  industrial  arts ;  still,  the  sharp  competition, 
especially  between  the  difterent  Eurox>ean  countries,  result- 
ing from  the  desperate  struggle  for  existence  during  the 
few  years  just  passed,  like  necessity,  has  compelled  a  prog- 
ress which  is  apparent  even  to  the  casual  observer  as  he   Progress  vezy 
runs  through  the  vast  collections  displayed  at  Paris  thistSSesflT   ^^^ 
year.    Products  are  here  seen  to-day  to  be  greatly  improved 
over  those  shown  at  the  last  Exposition  held  in  this  city, 
and  at  the  same  time  prices  in  most  instances  have  fallen 
to  a  surprisingly  low  figure  in  the  case  of  many  of  the  arti-  ^^^^^^^^ 
cles  of  daily  and  general  use.    With  some  the  quality  has  ^immovemcSl 
been  improved  and  the  old  prices  sustained;  with  others 
the  quality  has  remained  stationary  while  the  prices  have 
gone  down ;  with  others  again  there  is  observed  an  improve- 
ment in  quality  and  a  depression  in  prices ;  and  a  few  are 
stationary  in  both  respects.     Speaking  of  the  materials 
which  are  to  be  comprehended  in  the  scope  of  this  report, 
it  is  to  be  remarked  that  the  greatest  improvement  in  the 
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in  ^™  aik^^™^d  Q^^^^^^  ^^  *^®  products,  together  with  the  greatest  fall  in 
diminished  price  prices,  is  Doticed  in  the  case  of  the  newly  discovered  tinc- 

especially  notice- 

able  in  tinctorial  torlal  substanccs,  and  matters  derived  from  what  are  termed 

sutyBt&noes    And 

ntiUzation      of  wastc  products  of  chemicol  manufactures.    All  this  seems 
waatep    no  «.  ^  gj^Q^^  ^]jat  technical  chemistry  is  much  better  understood 

and  more  successfully  practiced  to-day  than  formerly,  and 

foreshadows  the  rapid  progress  to  be  made  in  the  near  future 

in  the  industrial  arts^  through  the  guidance  of  this  marvcU- 

chemiatry  tbeous  scieucc.     Chomistry  is  no  longer  the  occult  magic  of 

^etraescienoQs.  the  middle  agcs ;  it  is  the  most  luminous  of  the  true  sciences, 

and  is  destined  ere  long  as  the  means  of  elucidating  much 
if  not  all  the  obscure  phenomena  of  nature.  The  veil  which 
till  lately  was  carefully  thrown  around  all  chemical  processes, 
and  all  manufiactures  involving  chemical  laws  and  reactions, 
is  rapidly  being  drawn  aside  and  disclosing  the  secrets  of  the 
few  for  the  benefit  of  the  many.  Practical  experiments  and 
discoveries  in  the  chemical  arts  are  being  described  and 
patented,  and  constantly  important  technical  memoirs  are 
read  before  the  scientific  societies  of  the  world.  This  is  real 
material  progress,  which  must  inevitably  exert  a  vast  influ- 
ence in  the  amelioration  of  the  condition  of  mankind. 
portaSro  ^^the  ^^  transmitting  this  report,  the  writer  feels  that  he  has 
aab^ectofthisre-been  treating  a  subject  of  vast  extent  and  importance  in 

itself,  and  one  destined  to  exercise  an  influence  in  the  ma- 
terial destinies  of  our  nation  of  which  it  is  now  impossible 
to  form  an  adequate  idea  ]  a  subject  which  deserves  and 
should  receive  much  more  attention  than  has  hitherto  been 
bestowed  upon  it.    In  view  of  its  magnitude,  the  multitudi- 
nous character  of  the  exhibits  relating  to  it  at  the  Exposi- 
tion, and  the  shortness  of  time  allotted  for  the  examination 
of  them,  he  feels  that  no  more  than  the  most  elementary 
and  superficial  survey  can  be  hox)ed  for. 
obMa'^^auiuMrod     ^^  Order  to  get  a  view  of  all  the  exhibits  in  Glass  47  it 
over  ttw  wh^e  ^as  ueccssary  to  visit  every  portion  of  the  immense  build- 
gronndB.  ing  kuowu  as  the  Palais  du  Champ  de  Mars^  as  well  as  scores 

of  annexes  and  outbuildings  erected  by  the  several  repre- 
sented countries  in  different  parts  of  the  field  and  in  the 
inclosure  of  the  Trooad6ro.  A  leisurely  walk  through  them 
all  required  the  whole  time  of  several  days,  and  to  make  a 
general  and  particular  examination  of  all  the  exhibit>s  de- 
manded the  attention  of  many  weeks;  and  I  think  it  safe 
to  say  that  no  one  has  succeeded  in  seeing  them  all,  much 
Hopeless  to  less  has  he  been  able  to  subject  them  to  a  close  or  critical 

make  an  exhaust*  ,.  itv  *         ^  ••■■• 

ive  report.         examination  and  study.    It  was,  therefore,  considered  an 

almost  hopeless  task  to  undertake  to  make  a  thorough  and 
exhaustive  report  on  all  matters  comprehended  in  the  classes 
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through  which  chemical  and  pharmaceutical  subjects  were 
scattered. 

Commissioners  were  invested  with  no  power  or  authority  ta£S«^^ia&Si 
by  which  they  could  command  facilities  for  obtaining  satis-  toryinformatioiL 
factory  information  in  regard  to  statistics  and  processes  of 
manufacture,  and  eonsequentiy  they  ha<l  to  rely  to  a  great 
extent,  for  the  most  valuable  portions  of  their  reports,  on 
the  gratuitous,  meager,  and  uncertain  statements  made  by 
exhibitors.    Members  of  the  jury,  however,  had  access  to  tiM^^T^  fr?°^f 
the  necesKary  facts  and  data  for  the  formation  of  a  useful  the  juy. 
report,  but  the  examinations  made  by  the  jury  were  made 
for  the  purpose  of  apportioning  awards,  rather  than  for 
framing  a  report,  and  their  visits  were  crowded  into  the 
short  space  of  six  weeks ;  consequently  their  work  was  too 
much  hurried  for  purposes  of  a  report.    During  the  fervent 
summer  weather,  too,  members  found  themselves  exhausted 
with  fatigue  before  they  could  begin  really  to  execute  their 
official  duties  in  anything  like  a  regular  and  systematic 
manner. 

The  Intei*national  Jury  of  Eecompenses  of  the  Paris  Ex-  COTapodttonei 
position  of  1878  was  composed  of  750  (and  350  supplement- 
ary) members,  who  were  selected  on  account  of  special  fit- 
ness for  the  respective  classes  to  which  they  were  assigned 
from  tiie  different  countries  represented  at  the  Exhibition, 
and  appointed  by  the  administration  of  the  great  fair  on 
the  recommendation  of  the  ofQcials  of  the  various  coun- 
tries. 

The  jury  of  Glass  47,  which  comprehended  chemical  and   The  juv  ta 
pharmaceutical  preparations,  was  composed  as  follows:       ^S^iSui^ 

Prof.  Boscos,  F.  B.  8 England  and  her  colonies. 

Thomas  £.  Jmrnasa,  M.  D United  States. 

L.  Monrad-Kbohk Sweden  and  Norway. 

Prof.  A.  CossA Italy. 

H.  Matcheco Austria  and  Hungary. 

Prof.  F.  BEiLSTBnf Bnssia. 

Profl  PiCARD Bwitserland. 

Prof.  P.  Dewilds Belgium. 

V.  JoSROSNSBN Denmark. 

IL  Torrks-Caigbdo,    Minister   Plmipoten- 

Uaryof  Salvador South  and  Central  America. 

ProtB.  D.  8u.yA Portugal. 

M.  8£BBUBiEB Holland  and  her  ooloniefii 

K.  Bbbthelot France. 

M.  FouBCADE France. 

M.  L.  Cmxis France. 

U.  C.  Lautb France. 

M.TR008T France. 

M.  ScHixKsiKG France. 

H.  J.  FBAN9016 France. 
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Jiiryinolaa847:  M.  Ferrand France. 

Chemical      Pro- «,    /m  t^ 

daots.  ^*  GuiBAL France. 

M.  Rbnabd France. 

M.  Chbyalisb-Escot France. 

SUFPLEMBMTABT  JURORS. 

M.  Ph.  de  Cjlermont France. 

M.  JuNGFLBiscH France. 

M.  BoND^ France. 

M.  L.  Brun France. 

M.  GoDEFROT  (expert) Austria. 

ThenatvoB^     The  work  of  the  jury  was  arduoas^  earnest,  and  gratai- 
tioDs  of  ibe  jury  tous  J  but,  from  the  nature  and  magnitude  of  the  Exhibition, 

it  was  of  necessity  rapid  and  superficial,  and  it  was  natural 
under  the  circumstances  to  hear  of  cases  of  under  and  over 
valuation  or  estimation  of  exhibits.  This  was  unavoidable. 
It  has  always  happened,  and  in  all  probability  always  will. 
The  reasons  are  numerous  and  obvious,  and  tor  the  benefit 
of  future  exhibitors  at  world's  fairs  it  may  not  be  out  of 
place  to  mention  a  few  of  them. 
of^xhSSoM^to  The  jury  was  expected  to  examine  every  article  in  the 
the  ciiWB,  and  the  displays  of  the  many  hundreds,  and  in  many  cases  of  thou- 

nnmeroDB     arti-        ■*•      v  v  /  v 

oiM  In  each  ex-  sauds,  of  cxhibitors  in  a  class,  and  to  read  descriptive  cir- 
culars and  pamphlets  issued  in  connection  with  them. 
Afterwards  these  exhibits  had  to  be  subjected  to  a  general 
comparison,  and  each  one  assigned  its  proper  place  in  the 
order  of  merit;  and  to  do  all  this  six  weeks  only  were  al- 
lowed. A  few  figures  will  quickly  show  the  physical  im- 
possibility of  making  any  serious  examination  of  all  exhibits. 
Taking  a  class  in  which  two  thousand  exhibits  are  cata- 
logued, and  allowing  each  exhibit  to  contain  fifty  separate 
articles,*  would  give  one  hundred  thousand  articles  to  be 
examined;  and  a  jury  working  four  hours  per  day  would  be 
required  to  examine  over  ten  articles  per  minute  in  order  to 
complete  the  list  in  the  space  of  six  weeks. 
Defective  label-     In  the  ucxt  placc,  waut  of  facilities  for  rapid  jury  work 

or  ignorance  ofwas  frequently  encountered,  owing  to  defective  labeling, 

oustodians  of  ex-    ,         -  .  if  j.^  j.    j»  /»        i  -i  -j.      • 

iiibits.  the  absence  or  ignorance  of  the  custodian  of  exhibits,  in- 

complete or  defective  descriptive  lists,  inaccessibility  of  ex- 
hibits, incorrect  classification  of  exhibits  in  the  official  cata- 
logues, misplacing  of  exhibits.t  Some  manufacturers  guarded 

*  Exhibits  of  chemical  and  pharmaceutical  preparations  averaged 
more  than  fifty  to  a  case ;  one  exhibit  from  the  United  States,  in  Class 
47,  contained  ahove  a  thousand  separate  articles. 

t  One  instance  is  known  where  the  exhibit  was  regularly  catalogued 
in  Class  47,  but  was  not  found  until  the  jury  had  finished  its  labors, 
when  it  was  discovered  in  the  hands  of  an  exhibitor  of  steam-machin- 
ery in  Class  54,  who  was  using  the  article  for  the  purpose  of  Inbricat* 
ing  his  engine,  for  which  purpose,  he  stated,  it  was  well  adapted. 
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80  jealously  their  processes  and  apparatus  that  no  adequate  ge^'^T^Sj^ 
idea  could  be  got  by  the  jury  upon  which  to  base  a  rational  pwHjeMes. 
opinion  of  articles  exhibited.  In  many  instances  no  focili- 
ties  for  a  close  and  critical  examination  of  the  articles  were 
accorded,  but  evasive  and  sometimes  misleading  repUes 
were  given  to  the  questions  of  the  jurors.  In  many  in- 
stances no  statistics  of  manufactures  could  be  obtained,  and 
occasionally  when  given  they  were  found  to  be  unreasona- 
ble exaggerations,  unworthy  of  credit,  and  rendering  the 
exhibitor  liable  to  be  passed  without  recognition. 

The  following  is  a  tabular  statement  of  the  diff©r©iitnicSS£ooo^ 
countries  which  were  represented  at  the  Paris  Exposition,  ^^JJ^JST"**^ 
1878,  in  Group  Y,  Glass  47,  with  the  number  of  exhibitors 
from  eaeh,  the  number  of  recompenses  awarded  to  each, 
and  the  proportion  of  awards  to  the  number  of  exhibitors: 


Belgliim 

CUilft 


Fnoioe  and  French  colontet,  hwhiilfag  Algeria 

BrHJah  £mniTe 

HoDMid  and  eakmlat 

It»^y 

Ja]MB   

Laxeanbouzg 

Norway 


Portugal  and  oolonioa 


Spain 

Sweden.  

Soath  and  Central  Ametlea. 

Switaeriand 

Tunis 

Uniled  States 


, 


i 


156 
58 
16 
16 

661 

117 
51 

123 

8 

8 

28 

1 

58 
61 

125 
18 
67 
81 
2 
42 


1,617 


\ 

! 

o 


83 
44 

2 
6 

480 
96 
25 
67 

4 

1 

13 


21 
48 
81 
12 
42 
20 


88 


1,068 


The  number  ot 
exbibitovB  and  ot 
awaido    in    tlie 


58 
88 

12.5 

87.6 

86.6 

82. 

48. 

4^8 

50. 

88.8 

46.4 

'86l'2 
84.8 
64.8 
66.6 

7a7 

64.5 


88. 


70.4 


Whole  nnmber  of  ezhihiton 1,517 

Whole  nmiiber  of  awards 1,069 

Proportion  of  awards  to  exhibitors  (per  cent.) 70.4 

The  signiflcance  of  this  table  is  apparent  and  no  com-    sinkiflcanoe  of 

^«  i<.r^  1  ^«i.«<  «ii    the  data  in  the 

ment  is  necessary;  but  it  may  be  worth  while  to  call  at-  table abore. 
tention  to  a  few  facts  relating  to  the  part  the  United  States 
took  in  this  world's  £eur,  and  the  odds  with  which  her  ex- 
hibitors had  to  contend  in  the  competition  for  recognition 
at  the  Exi>o8ition  of  Paris. 

In  the  first  place,  the  act  of  Congress  providing  for  an   Difflonities  at- 
appropriation  and  a  commission  to  attend  to  the  interests  buion  ^i^^u^ 
of  citizens  desiring  to  send  their  exhibits  abroad,  was  ^^^^  ^^^'^ 
passed  at  so  late  a  day  that  adequate  time  was  not  afforded 
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te^?tS?!xM.  *^^  exhibitors  to  prepare  objects  suitable  for  display  before 
uStod  sSS»!**J^*^®®  ^^  iHcked  men  from  all  parts  of  the  world  j  and 

many  mano&ctarers,  some  of  whom  were  the  largest  and 

most  important  in  the  country,  were  deterred  from  sending 

e^^S^^  their  productions  at  all.    Again,  the  meagemess  of  the  ap- 

propriatioii.       propriation  was  out  of  all  proportion  to  the  imx)ortance  of 

an  enterprise  which  should  have  been  carried  out  on  the 

grandest  possible  and  on  the  most  magnificent  scale,  since 

the  prestige  gained  at  Philadelphia  was  to  be  maintained. 

Unfortunately,  the  United  States,  as  represented  in  Glass 

47,  did  not  meet  the  expectations  of  Europe  at  Paris. 

Many  of  our  leading  and  most  extensive  manufiEu^turers, 

who  figured  so  conspicuously  at  the  Centennial  Exhibition, 

A2Jrica*aS*th«  ^^™  "^*  represented  at  the  Paris  Exposition  j  the  grand 

l^^^"!'^  displays  of  chemicals,  which  attracted  so  much  attention, 

Paris.  excited  so  much  interest,  and  received  so  much  praise  at 

Philadelphia  in  1876,  were  absent  from  the  building  in  the 

Champ  de  Mars  in  1878. 

The  nAtare  of     In  the  sccoud  placc,  it  should  not  be  forgotten  that  our 

u^EuropeaoMi-  countrymeu,  with  their  very  partial  show  in  Glass  47,  had 

fiMt^rf^'"^^'  to  contend  against  France,  the  mother  of  modem  chemistry } 

England,  the  giant  producer  of  chemical  products;  and 
Belgium  and  Switzerland,  the  very  bee-hives  of  scientific 
industry.  Notwithstanding  all  these  odds  against  us,  the 
tabulated  statement  above,  which  is  made  up  from  the  Offi- 
cial Gatalogue  and  the  Official  List  of  Becompenses,  shows 
that  the  proportion  of  the  number  of  recompenses  awarded 
The  reiatiTe  to  the  United  States  in  the  class  of  chemical  and  pharma- 

peroentsige       of 

awards  to  United  ceutical  products  Is  22  per  cent,  higher  than  the  average  of 

'awards  in  the  same  class  to  all  countries  represented;  7.5 

per  cent  higher  than  France;  11  per  cent,  higher  than 

England;  10  per  cent,  higher  than  Belgium,  and  28.4  per 

cent,  higher  than  Switzerland. 

These  remarks  are  not  made  in  any  boastful  spirit,  but 
simply  as  a  matter  of  congratulation  to  the  intelligent  and 
industrious  citizens  of  our  country,  who  need  only  the  as- 
surance, which  is  best  given  in  a  great  international  contest 
like  the  one  just  past,  that  they  con  successfully  comi>ete 
with  the  world,  to  stimulate  them  to  accomplish  that  suc- 
onr  titans  nc-ccss.    It  IB  vcry  evident  that  what  is  most  needed  in  the 

eign  market  ^'ucar  futurc  is  a  forcigu  market  for  our  surplus  products  of 

manufactnrei  not  only  those  represented  in  Glass  47,  but  in 
many  other  classes;  for  manufacturing  countries  have,  or 
will,  shut  their  doors  against  American  goods,  as  France 
has  already  done  in  the  case  of  many  articles  manufactured 
on  this  side  of  the  Atlantic. 
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SULPHUBIO  ACID.  /Mph^ncaMU 

The  manafSacture  of  sulpharic  acid  has  increased  at  a 
most  rapid  rate  daring  late  years.  Furnishing  as  it  does 
the  most  reliable  index  of  the  growth  and  extent  of  the 
chemical  arts  in  general,  the  enormous  advance  made  in 
this  branch  affords  a  most  satisfactory  indication  of  the 
present  condition  of  industrial  chemistry.  In  France  the  Fmohprodno. 
production  of  sulpharic  acid  has  increased  from  90,000,000  ^ 
kilograms  in  1867  to  150,000,000  kQos  in  1877.  Two  years 
previous  the  total  European  production  was  estimated  by 
Diete  at  840,000,000  kilos,  distributed  as  follows : 

Kilos. 

EngJand 500,000,000  ^^JgSJST"  »^ 

Fraaoe 150,000,000 

Gennaoy 105,000,000 

Austria 40,000,000 

Bolgiuin 30,000,000 

Other  csountries 15,000,000 

England  at  present  produces  over  16,000,000  kilos  weekly.  d^£^*^  ^^ 
Boseoe  puts  down  the  annual  production  at  850,000  tons. 
Angus  Smith  in  1877  estimated  the  amount  of  sulphur  re- 
quired for  the  sulphuric  acid  used  in  the  preparation  of 
artificial  fertihzers  at  100,000,000  kilos,  and  for  the  sul- 
phuric acid  used  in  soda  works  and  in  other  industries  at 
160,000,000  kilos;  the  total  equivalent  to  575,000,000  kilos 
of  pyrites. 

Sources  of  sulphurous  acid,  v^^S'^i^  ^ 

The  chief  source  of  snlphuroos  acid — sulphur — ^is  now       sniphane- 
ahuost  entirely  replaced  by  iron  and  copper  pyrites.    The  Ej'^to^'*''^ 
leading  exception  is  to  be  found  in  this  country,  where  the 
distance  of  pyrites  mines  from  mauufaeturing  centers  pre- 
vents competition  with  sulphur  derived  item  Sicily  or  the 
newly-discovered  deposits  in  the  Sierra  Nevada  and  the  ad- 
jacent region.    The  principal  soorcea  of  pyrites  in  35«J^P^riS?irSMop£^ 
arc  Spain,  whose  annual  production  is  in  round  numbers 
440,000,000  kilos,  averaging  48  per  cent,  of  sulphur ;  Great 
Britain,  59,000,000  kilos ;  France,  178^400,000  kilos,  contain- 
ing 46  per  cent,  of  sulphur ;  Portugal,  180,330,000  kilos  of  49 
per  cent. ;  Norway,  71,660,000  kilos,  of  40  per  cent.  \  Belgium, 
45,000,000  kilos,  of  45  i^r  cent. ;  Italy,  3,000,000  kilos,  of  48 
per  cent.  \  Prussia,  128,000,000  kilos,  of  42  per  cent.    Large 
deposits  of  a  very  pure  mineral  have  recently  been  discovered   Late  aiaooverw 
in  Lower  Styria  and  the  Satzkammergut,  in  the  Austrian  S^l   ^^^ 
Empire,  and  extensive  mines  have  lately  been  opened  in 
canton  Yalais,  in  Switzerland,  yielding  pyrites  containing 
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Sulphuric  aeid.  35  per  Cent,  of  sulpliur,  while  those  now  worked  in  Sweden 

furnish  a  mineral  whose  proportion  of  sulphur  is  41  per 

8<raro©B  other  cent.    Other  and  more  Umited  sources  of  sulphurous  add 

than  pyrites.  ^ 

are  blende,  the  residues  from  the  wasting  of  galena,  mix- 
tures of  sulphate  of  zinc  and  zinc  blende,  the  sulphur  ob- 
tained by  Laming's  methoil  from  gas  works,  the  sulphn- 
reted  hydrogen  set  free  in  the  manufacture  of  ammonium 
sulphate,  and  conducted  into  the  pyrites  ovcus,  and  the 
preparation  of  silicates  in  the  manufacture  of  glass  by  the 
fusion  of  sodium  sulphate  and  lime  with  coal  and  silica: 

2Na2S04+ C + 2SiOa=2Na»ai03+ 2SO,+ COa. 

^SSS^     -^^^  *^^  manufacture  of  pure  sulphuric  acid  it  is  still 

^^^  ne3essary  in  most  cases  to  use  sulphur,  for  the  reason  that 

nearly  all  pyrites  contain  more  or  less  arsenic.    Sulphuric 

acid  of  this  country  is  made  from  sulphur  and  is  free  from 

arsenical  contamination. 

Pyrites  burners. 

Pyrites  fhm*-     Pyrites  fumaces  are  divided  into  two  classes,  according 
^^'  as  they  ai*e  intended  to  bum  lumi>s  of  the  ore  or  fine  frag- 

ments and  powder. 

Lamp  bnmeni.  r^j^  bumcrs  used  for  the  lumps  show  but  little  variety  of 
form,  and  no  notable  changes  have  been  introduced  of  late 
in  their  construction.    All  unite  in  burning  the  pyrites  on 

English.  fire-bars.  The  English  burners  consist  of  a  number  of 
small  kilns  separated  from  each  other  by  vaulted  compart- 
ments, each  being  filled  and  emptied  independently  of  the 

'^^^^^^'  others.  In  the  French  burners  the  most  noticeable  fe;iture 
is  the  rotary  fire-bars,  x>ermitting  an  easy  gradual  removal 
of  the  lower  layers  of  spent  ore.    In  Belgian  burners  the 

^^^8^-  grates  are  immovable,  and  the  spent  ore  is  raked  out  with 
long  hooks  by  workmen  who  enter  a  roomy  passage  be- 

Oermaa.  ncath  the  OVCUS.  The  Oerman  ovens  combine,  as  a  rule, 
the  essential  features  of  the  French  and  Belgian  fumaces. 
The  chief  points  of  a  good  furnace,  viz,  ease  and  rapidity 
of  charging,  ability  to  remove  the  residues  gradually  and 
without  loss  of  sulphurous  acid,  and  a  consumption  of  the 
sulphur  in  the  pyrites  so  complete  Ihat  not  more  than  3  per 
cent,  remain  in  the  spent  ore,  are  attained  in  nearly  all 

AnniiiMftimft.f^Pjng  uscd.  The  introduction  of  annular  fumaces,  based 
on  much  the  same  principles  as  Hofman's  circular  kilns,  by 
De  Hemptinne  and  Bode,  is  the  only  noticeable  improve- 

Bode's  oven.    m^nt.    In  Bodc's  oven,  which  has  not  yet  been  described 
in  detail,  although  in  satisfactory  operation  in  several  estab 
lishments,  the  amount  of  residual  sulphur  in  the  spent  ores 
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is  not  above  one  per  cent.  The  pyrites  powder  or  "  smalls,"  smtfkwie  om. 
which  forms  an  important  fraction  of  the  ore  as  delivered  Bode*»<yTen. 
from  the  mines,  has  presented  many  difBlcnlties  to  the  man- 
nfactnrer,  most  of  which  are  now  snccessfoUy  overcome. 
When  burned  with  the  Inmps  in  the  usual  kilns,  the  fine 
powder  chokes  the  drafb  to  such  an  extent  that  a  large  per- 
centage  of  sulphur  remains  in  the  residual  ores.  In  order 
to  remedy  this  defect,  the  ^^ smalls"  have,  especially  in 
England,  been  frequently  molded  into  balls  by  means  of 
water,  with  more  or  less  clay,  and  then  burnt  in  the  kilns 
for  lumps.  This  practice,  except  in  England,  is  ali»<>st^^n^toBt»aLex. 
entirely  supplanted  by  the  use  of  special  furnaces,  most  of 
which  aim  at  a  constant  movement  of  the  burning  mass, 
the  combustion  frequently  being  at  the  same  time  aided  by 
the  passage  of  the  hot  gases  issuing  from  the  ordinary 
kilns.  Qerstenhofer's  furnace,  introdaced  in  1862,  has  been  ft,SSo2"°***^* 
extensively  used  for  this  purpose,  chiefly  in  Oermany.  In 
this  furnace  the  ores  are  admitted  into  a  shaft,  heated  at 
the  start,  in  which  triangular  prisms  of  fire-clay  are  so 
arranged  that  the  pyrites  slowly  descend  from  top  to  bot- 
tom, constantly  exi>osing  by  the  movement  fresh  surfaces 
for  combustion  to  the  entering  air.  The  advantages  of  this 
disposition  are  a  minimum  of  labor,  ability  to  bum  poor 
ores  without  fuel,  continuous  working,  and  a  yield  of  rich 
gases  for  the  vitriol  chambers.  Its  disadvantages  are  an 
incomplete  oxidation  of  the  sulphur,  and  the  presence  of 
such  quantities  of  flue-dust  in  the  gases  given  off  that  the 
add  is  not  only  rendered  impure,  but  the  platinum  concen- 
trators are  rapidly  worn  down  by  the  movement  of  the 
sharp-edged  crystals  of  sulphate  of  iron  formed  in  the 
liquid.  These  drawbacks  have  caused  the  furnace  to  be 
superseded  by  other  forms  in  most  cases,  except  in  the 
treatment  of  very  poor  ores,  when  its  peculiar  structure 
enables  it  to  successfoUy  maintain  its  ground. 

Perret^s  Burner,  used  for  a  number  of  years  in  France,  Penet*!  imni- 
was  mounted  above  the  usual  oven  for  lumps,  and  consisted 
essentially  of  a  series  of  horizontal  plates  covered  with  a 
layer  of  '^smalls,"  over  each  of  which  the  hot  gases  of  t^e 
furnace  below  were  forced  to  pass  on  their  way  to  the 
chambers.  The  sulphur  present  was  reduced  by  this  means 
to  5  per  cent.  More  recent  and  simplified  forms  of  this 
furnace  are  said  to  give  better  results. 

A  happy  modification  of  Perref  s  furnace  was  introduced  a^^oi^^. 
by  M,  Maletra  a  few  years  ago  at  Bouen,  in  which  the  ores,  "*'"  '^^«»' 
introduced  above  by  a  funnel,  are  forced  to  descend  through 
a  series  of  plates  by  being  pushed  fix>m  one  plate  to  the  one 


12  UNIVERSAL   EXPOSITION   AT   PARIS,   1878. 

SuiphtgHe  add.  next  lowcr.    After  tbe  furnace  has  been  heated  the  com- 
liautra'tt  fiir-  bostion  is  maintained  without  fuel.    On  account  of  its  sim- 

°^^^  plicity,  independence  of  the  lamp  fomaces,  and  cheapness, 

the  use  of  this  furnaoe  has  spread  rapidly  and  it  has  taken 
a  firm  foothold  in  Germany,  where  Bode,  Hofmann,  and  Kun- 
heim  have  greatly  perfected  its  construction.    By  its  means 

proceS^™^**'^*  the  amount  of  residual  sulphur  in  the  spent  ores  is  reduced 
to  1^  per  cent,  in  France  and  Germany  and  1  per  cent,  in 
Switzerland,  and  lumps  possessing  a  diameter  of  not  over 
17  millimeters  can  easily  be  burnt  with  the  powder. 
HawuideTerft  The  fumaco  introduced  by  Hasenclever  &  Helbig  in 
1870,  and  modified  in  1876,  is  used'  to  a  certain  extent  in 
Germany,  although  its  more  complicated  character  renders 
it  in  many  respects  less  efficient  than  the  Maletra  furnace. 
The  ores,  on  entering  it,  pursue  a  zigzag  course  through  five 
vertical  compartments,  separated  from  each  other  by  divis- 
ions consisting  of  a  succession  of  long,  narrow  plates 
placed  at  right  angles  to  each  other.  An  ingenious  but 
compUcated  arrangement  for  warming  the  air  admitted  by 
the  heat  abstracted  from  the  products  of  combustion  per- 
mits the  latter  to  be  maintained  without  external  aid,  and 
vastly  economizes  the  resultant  heat.  One  objection  to  the 
ftimace  is  the  rapid  accumulation  of  fine  dust  in  the  tubes 
serving  for  the  exit  of  Uie  gases. 

waikerbmner.  The  Walker  Bumcr,  introduced  about  five  years  ago  in 
Belgium,  is  designed  especiaUy  for  burning  fragments  from 
1^  to  12  millimeters  in  diameter.  It  consists  of  nine  sepa- 
rate furnaces,  so  arranged  that  the  gases  pass  from  one 
through  the  other,  while  each  one  can  be  shut  out  of  the 
circuit  for  the  purpose  of  emptying  and  filling.  The  grates 
consist  of  movable  fire- bars,  and  have  each  a  surface  of 
three  square  meters,  permitting  the  combustion  of  10,000  in 
24  hours.  The  layer  of  pyrites  is  not  more  than  15  centi- 
meters in  depth,  and  the  amount  of  sulphur  in  the  ore  is 
reduced  from  42  to  3^  per  cent  The  gases  can  be  led  into 
a  plate  frimace  to  effect  the  combustion  of  ^'smalls."  This 
system  is  thus  far  in  but  limited  use. 

Sj^^'smnffle  Spencer's  Muffle  Furnace  is  still  in  use  in  some  English 
establishments  in  a  modified  form,  the  pyrites  being  pushed 
from  one  plate  to  another,  as  in  the  Maletra  apparatus.  It 
leaves  2^  per  cent,  of  sulphur  in  the  ores  treated  by  it. 
Botary  fhr.  Yarious  attempts  have  been  made  to  introduce  mechani- 
cal furnaces  for  thd  combustion  of  pyrites.  Revolving  fiir- 
naces  have  long  been  in  successful  operation  for  the  expul- 
sion of  the  sulphur  contained  in  ores  of  valuable  metals, 
but  as  yBt  no  system  has  found  general  adoption  for  the 
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simplo  production  of  sulphurous  acid.    The  rotary  furnace  Sulphuric  aesa, 
inveuted  by  Perret,  consisting  of  a  cylinder  moving  about  ^^J^JJ^^*'*"^**^ 
an  axis  slightly  inclined,  and  causing  a  slow  descent  of  the 
pyrites  through  its  various  compartments,  has  not  been 
found  practical  in  the  application. 

The  mechanical  furnace  lately  introduced  by  MacDougall  ,^t«^i2S^ " 
in  England,  and  now  in  operation  in  several  establishments, 
appears  to  give  better  satisfaction.  It  consists  of  an  iron 
cylinder,  lined  with  fire-brick,  and  divided  into  compart- 
ments by  a  number  of  horizontal  perforated  plates ;  an  axle 
passing  through  the  center  is  provided  with  arms  sweeping 
over  the  surface  of  each  compartment;  pyrites  powder,  en- 
tering from  above,  descends  more  or  less  rapidly  through 
the  cylinder  according  to  the  speed  imparted  to  the  axle. 
After  the  furnace  is  once  heated  a  blast  of  air  is  all  that  is 
needed  to  maintain  combustion.  The  residual  sulphur  is  re- 
duced to  1  per  cent,  by  this  system,  at  an  expense  of  about 
$1  per  ton.  The  chief  disadvantage  in  the  working  of  Mao- 
Dongall's  furnace  is  the  enormous  amount  of  flue-dust  in  the 
gaaes  which  issue  from  it.  The  attempts  made  to  £ree  them 
from  the  dust  by  passage  through  water  have  the  effect  of 
cooling  the  gases  to  a  temperature  too  low  for  satisfEMStory 
operation  in  a  Glover's  tower. 

Hascnclever  &  Helbig's  furnace  for  utilizing  the  sulphur 
in  zinc  blende  is,  with  some  slight  modification,  still  in  ex- 
tensive nue. 

Utilization  of  the  residues  Jrom  the  pyrites  burners.  reS^rSomthe 

pyrltcB  bnmen. 

Since  the  extensive  introduction  of  Spanish  and  Portu- 
guese pyiites  into  the  manufacture  of  sulphuric  acid  the 
extraction  of  the  copper  and  silver  remaining  in  the  residues 
has  become  an  important  factor  of  the  process,  especially  in 
England,  where  the  use  of  copper  pyrites  is  now  so  widely 
^»read.  The  residues  from  the  German  works  were  form- 
erly sent  directly  to  England  for  further  treatment ;  now 
they  are  chiefly  submitted  to  the  first  stage  of  the  English 
process,  and  the  mixture  of  copper  and  the  precious  metals 
is  sent  to  England  for  their  final  separation. 

Thecopper  pyrites  used  in  England  loses  about  30  per  cent,  opp^r 'intbe^ 
of  its  weight  iu  heating,  and  the  residues  contain  0.0025- g^,^"^^^"*' 
0.0037  per  cent,  of  silver,  and  0.000037  per  cent,  of  gold,  1.55 
per  cent,  of  copper  in  combination  with  sulphur,  and  2.17 
per  cent,  in  union  with  oxygen.    After  calcination  with  salt 
in  a  muffle  or  iu  an  ordinary  furnace,  the  copper  is  precipi-^^^  **'  ^' 
tated  from  the  solution  of  its  chlorides  with  metallic  iron. 
ExperieDce  has  not  yet  shown  whether  spongy  iron  is  to  be 
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suHfhurie  aeid.  preferred  to  scrap-iron  for  this  purpose.    With  very  care- 

Proce88  of  ex-  ^^^^y  constnicted  furnaces,  the  former  seems  to  be  more  eco- 

JjJ^K^JjJ^nomical.    Gibb  &  Giltharp's  revolving  famace,  despite  its 

of  pyritM  bnin- expensive  construction,  is  still  regarded  as  the  most  efficient 

for  purposes  of  calcination.  The  method  for  separating 
tharo^s wvoi^  *'^®  coppcrj  introduced  by  the  same  persons,  has  beenrelin- 
SSctS^  copper^  Q'^ished  after  a  lengthy  trial  and  replaced  by  the  usual  ta'eat 

ment  with  iron.  It  consisted  essentially  in  using  exactly 
enough  salt  to  effect  the  transportation  of  the  copper  into 
its  chlorides,  thus  forming  a  pure  sulphate  of  sodium,  and 
precipitation  of  the  copper  as  sulphide  from  its  solution  by 
means  of  sulphureted  hydrogen,  obtained  by  first  reducing 
the  sulphate  of  sodium  to  sulphide,  and  introducing  carbon 
dioxide  into  the  solution  of  the  latter,  the  soda  thus  formed 
being  naturally  utilized.  The  expense  of  evaporating  the 
enormous  amount  of  water  required  in  the  process  has 
caused  it  to  be  abandoned.  The  copper  solutions  are  now 
entirely  freed  from  arsenic  by  neutralization  with  lime,  which 
causes  a  precipitation  of  arsenite  of  iron. 
Erfxuotion   of     The  cxtractiou  of  the  silver  in  the  spent  ores  is  now  pur- 

ailver  flrom  spent  '■  -^ 

oie.  sued  in  a  very  rational  manner.    Glandet^s  method,  based 

ciaadet'smeth-ou  tlio  precipitiition  of  the  silver  as  iodide  from  the  solution 

oibb^  process,  of  the  calciucd  ores  with  iodide  of  potassium,  has  now  a  com- 
paratively limited  use,  being  supplanted  by  Gibb's  process, 
introduced  in  1875.  The  latter  is  based  on  the  fact  that 
when  sulphureted  hydrogen  is  introduced  into  ttfe  solution 
of  a  cupric  salt  containing  small  quantities  of  silver  the 
greater  portion  of  the  latter  is  precipitated  with  the  first 
portion  of  the  sulphide  of  copper.  By  causing  a  partial 
precipitation  of  the  solution,  amounting  to  about  6  percent, 
of  the  copper  present,  a  precipitate  is  obtained  containing 
O.G  per  cent,  of  silver,  which  is  profitably  separated  from 
the  accompanying  copper,  lead,  and  other  compounds.  The 
sulphureted  hydrogen  used  in  this  process  is  obtained  from 
the  waste  products  of  soda  works. 
Use  of  spent     The  practicability  of  using  the  spent  ores  from  pyrites 

«pesfaifaionmaim.  f^^,,jg^g  f^j.  the  manufacture  of  iron  has  been  satisfactorily 

shown  in  a  number  of  manufacturing  centers.  The  residues 
ol  the  copper  pyrites,  after  having  undergone  the  treatment 
above  described,  are  found  to  be  well  adapted  for  reduction 
in  a  blast  furnace.  Especially  since  the  introduction  of 
Maletra's  furnace  the  percentage  of  sulphur  remaining  in 
ordinary  iron  pyrites  after  burning  is  so  small  that  the  resi- 
111  ihe  msaa-  ducs  cau  be  employed  to  good  effect  in  the  manufacture  of 
fi^ureof  Besso-  jj^gg^mer  metal.    This  is  notably  the  case  with  the  spent 
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ores  of  Westphalian  pyrites,  which  are  entirely  free  from  StOphwrie  mm. 
phosphorus  and  copi>er. 

The  entire  absence  of  arsenic  from  these  pyrites  should   Vaiuoof  west- 
also  rentier  them  exceedmgly  valaable  for  the  manufacture 
of  pure  sulphuric  acid.    The  use  of  the  residual  oxide  <>f  rJJJgSf^^J^ 
iron  for  pigments  has  assumed  large  proportions  in  England  ^^ 
and  G^ennany,     Tchemiac^s  newly  introduced  process  for 
the  manu&ctureof  ferro-cyanide  of  potassium  by  synthesis 
includes  likewise  the  use  of  finely  divided  iron,  obtained  by 
the  reduction  of  the  pyrites  residues  with  coaL 

P.  W.  Hofmann  has  made  some  interesting  experiments  on  J^f°^''  ^£ 
the  residues  from  the  Meggen  pyrites,  which  are  used  by  aMe^nnpyiitet. 
number  of  German  establishments.  He  finds  that  the  large 
percentage  of  sulphur  remaining  in  the  spent  ores  is  due  to 
the  presence  of  zinc,  with  which  it  is  united  in  the  form  of 
sulphate.  The  residues  are  exhausted  by  lixiviation,  and 
salt  is  added  to  the  concentrated  solution  of  sulphates  of 
iron  and  zinc  at  3(P  C.  Pure  sulphate  of  sodium  crystallizes 
out  on  cooling,  and  by  further  evaporation  the  solution  of 
chloride  of  zinc  is  freed  from  all  other  salts  present.  The 
residues  from  the  lixiviation  still  contain  sulphur,  but  it  has 
been  observed  that  those  portions  entirely  free  from  sulphur 
form  a  light  friable  mass,  which  with  a  sieve  can  be  easily 
separated  from  the  more  compact  fragments,  still  containing 
more  or  less  sulphide,  and  be  utilized  in  the  blast  furnace. 

Vitriol  chairibers,  ,  vitrfoi  oham. 

ben. 

The  composition  of  the  gases  entering  the  lead  chambers 
has  been  the  subject  of  careful  experiment,  esx>ecially  with 
reference  to  the  presence  and  cause  of  the  vapors  of  sul- 
phuric anhydride.  Lunge  has  shown  that  in  the  gases  re- 
sulting from  the  combination  of  Spanish  pyrites  6  per  cent, 
of  the  sulphur  present  is  in  the  form  of  SOs.  If  these  gases  , J|?Srio  *iJh^ 
are  conducted  over  a  layer  of  heated  oxide  of  iron,  the  per-  ^^ 
centage  increases  to  18  per  cent — a  result  tending  to  sup- 
port the  assumption  that  the  SO3  arises  from  the  oxidation 
in  the  furnace  of  the  8O3  at  the  expense  of  the  oxide  of  iron 
formed  from  the  partial  combustion. 

The  reactions  taking  place  in  the  lead  chambers  have  not 
been  the  subject  of  Investigation  during  the  pastfew  years. 

Nitric  acid  is  now  generally  introduced  in  a  gaseous  state.  t,5Si^g£i' 
The  method  prevalent  in  England  is  to  let  the  hot  gases  is-  ^v«  ''o™* 
suing  from  the  burners  pass  over  troughs  holding  fr^m  12  to 
24  kilos  of  nitrate  of  soda;  sulphuric  acid  is  slowly  ad- 
mitted through  a  lead  funnel,  and  the  vapors  of  the  nitric 
acid  are  led  directiy  into  the  lead  chambers,  or,  more  rarely, 
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SiOphuricactd.  accompany  the  solphurous  acid  throagh  the  Glover's  tower. 
The  liqnid  bisulphate  of  soda  remaining  in  the  troughs  is 
dravm  off  throagh  a  tabe  opening  in  its  lower  sur&ce,  and 

the  lead  o^un-  closed  with  a  conical  stopper.    Simple  arrangements  permit 

^^^^  the  filling  of  the  troughs,  as  well  as  the  agitation  of  their 

contents,  without  loss  of  sulphurous  acid.  In  most  English 
establishments  the  amount  of  nitrate  of  sodium  used  is  from 
3  to  6  per  cent,  of  the  amount  of  sulphur  present  in  the  py- 
rites. The  best  conducted  of  them  bring  this  quantity  down 
to  2  per  cent. 
Kew  sooroeB  of  New  sources  of  nitrous  vapors  have  been  found  in  the  resid- 
ual  acids  of  aniline  and  nitro-glycerine  works,  which  yield 
large  quantities  of  nitrogen  compounds  when  passed  through 
a  Glover's  tower.  One  English  establishment  claims  to  have 
obtained  good  results  for  two  years  past  by  introducing  a 
solution  of  nitrate  of  soda  directly  into  the  chambers  by 
means  of  a  jet  of  steam, 
sprengei's     An  important  improvement  in  the  mode  of  supplying  the 

water  spray.  ^  Water  uccessary  for  the  reaction  in  the  lead  chambers  is  due 
to  H.  Sprengel.  It  consists  in  forcing  the  water  in  the 
form  of  fine  spray  into  the  chambers  by  means  of  a  jet  of 
steam,  issuing,  under  a  pressure  of  two  atmospheres,  from 
a  platinum  tube  in  the  center  of  a  jet  of  water.  In  this  man- 
ner 20  kilos  of  steam  change  80  kilos  of  water  into  a  cloud 
Advantages,  of  fine  spray.  The  advantages  are:  (1)  An  economy  of  heat 
corresponding  to  that  necessary  to  vaporize  the  80  kilos  of 
water;  (2)  cooling  of  the  chambers  equivalent  to  the  absence 
of  the  same  amount  of  heat;  and  (3)  economy  of  space  other- 
wise occupied  by  steam  and  gases  at  a  higher  temperature. 
The  increase  of  production  due  to  this  improvement  corre- 
e^nds  to  an  economy  of  6^  per  cent,  in  pyrites  and  15  per 
cent,  in  nitrate  of  sodium. 
Gay  LoBsao's  Gay  Lussac's  tower  is  now  in  general  use,  and  no  essen- 
^'  tial  modifications  in  its  structure  have  been  introduced.    A 

great  part  of  the  loss  of  nitrous  vapors,  hitherto  difficult  to 
explain,  is  now  attributed  to  the  oxidation  in  this  tower  of 
the  arsenious  oxide—derived  from  the  arsenic,  almost  in- 
variably present  in  pyrites — ^to  arsenic  oxide  at  the  expense 
of  the  oxygen  of  nitrogen  compounds. 

DeHemptiime's  Dc  Hcmptinne  has  introduced  a  new  modification  of  the 
'  manufacture  of  sulphuric  acid,  the  essential  features  of 
which  are  a  diminution  of  the  extent  of  the  vitriol  cham- 
bers by  filling  a  single  one  with  perforated  vessels  of  stone- 
ware, over  which  weak  acid  constantly  trickles,  admission 
of  liquid  nitric  acid,  and  exclusion  of  water  except  between 
the  G^y  Lussac  tower  and  the  chimney.    The  sulphurous 
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acid  enters  tlie  chamber,  after  having  passed  through  dust-  sulphuric  add. 

compartments  and  surrendered  its  heat  to  a  system  of  lead 

tabes  containing  acid  in  process  of  concentration.    Denitra-  Do  Homptiimea 

^  Titriol  chambei'. 

tion  takes  place  in  a  drum  filled  with  fragments  of  earth- 
enware, where  the  acid  is  brought  in  contact  with  gases 
drawn  from  the  chamber,  and  returning  thither  laden  with 
nitrous  vapors.  The  chief  advantages  claimed  for  this  sys- 
tem are  denitration  and  concentration  of  the  acid  without 
iotrodncing  impurities  in  the  form  of  the  pyrites  dust — as 
in  the  Glover's  tower — while  still  utilizing  the  heat  of  the 
fornaoes;  reduction  of  the  cost  of  the  plant  of  the  cham- 
bers to  about  one-seventh,  by  filling  a  single  chamber  with 
sufficient  vessels  to  supply  the  necessary  surface  for  the  re- 
actions; suppression  of  the  jets  of  steam  hitherto  in  use; 
rapidity  of  production ;  and  concentration  by  means  of  su 
perheated  steam.  With  regard  to  the  disposition  of  the 
lead  chambers,  it  is  well  to  remark  that  numerous  experi- 
ments of  late  years  tend  to  show  that  the  amount  of  surface 
exposed  plays  a  much  less  important  part  than  has  hereto- 
fore been  supposed.  The  introduction  of  masses  of  coke 
into  the  chambers,  and  othei  similar  devices,  have  given  no 
practical  results.  De  Hemptinne  has  as  yet  given  no  de- 
tailed statistics  on  the  aetual  results  of  this  method,  although 
twelve  years  have  elapsed  since  the  commencement  of  his 
experiments. 

Glover* 8  tower,  .  Olover^a  tower. 

The  attention  of  chemists  engaged  in  sulphuric  acid  man- 
ufacture has  been  directed  during  the  past  few  years  chiefly 
to  the  study  of  the  practical  utility  of  the  Glover  tower, 
and  valuable  monographs  on  the  subject  have  appeared  ^^^S!P^^ 
from  Bode,  Lunge,  Vorster,  Hurter,  and  others. 

The  first  tower  was  built  on  the  Tyne  by  John  Glover,  in    The  invention 
1859.    After  experiments  with  brick  and  lead  structures,  he  ©r   the   oiover 

tower 

adopted,  in  li:G4,  the  tbrm  now  prevalent,  a  rectangular  or 

rounded  tower  of  lead,  possessing  a  height  of  25  to  30  feet, 

and  a  horizontal  section  of  GO  to  100  square  feet,  lined  with 

stone,  proof  against  acid  and  divided  into  two  parts — the 

lower  0  feet  in  height,  empty ;  the  remaining  and  upper 

part  filled  with  fragments  of  stone  ware,  and  surmounted 

by  a  layer  of  coke.     By  1870  most  of  the  large  English 

establishments  were  provided  with  the  new  apparatus,  and 

in  1871  it  was  introduced  into  Germany.    Since  then  it  has   its  nimoiit  imi- 

been  adopted  so  universally  that  at  present  none  of  the  ^®""     **^  ^"' 

large  English  works,  and  but  few  of  those  on  the  Continent, 

are  without  it.    (Euhlman's  works  at  Lille  are  a  notable 

exception*) 
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»uiphurie  add.      ^8  Originally  proposed  by  Glover,  and  as  used  at  present 
Giov^tJSrer.*^®  in  most  cases,  the  tower  serves  the  double  purpose  of  concen* 

t rating  the  chamber  acid  and  denitrating  the  acid  coining 
from  the  Gay  Lussac  tower.    With  regard  to  the  first  func- 
tion, exx>erience  is  unanimous  in  proclaiming  its  success. 
in«  the**  chamber  ^^  i^tilizcs  to  the  utmost  the  heat  possessed  by  the  gases 
cold.  issuing  from  the  furnaces,  suppresses  the  use  of  compart- 

ments for  cooling  the  sulphurous  vax>ors  before  entering  the 
lead  chambers,  concentrated  the  acid  at  once  to  over  60O 
Baum6,  and  prevents  a  loss  of  acid,  the  small  amount  pres- 
ent in  the  water  evaporated  being  saved  in  the  chambers. 
Vorster  finds  that  in  a  tower  of  the  capacity  of  81  cubic 
meters  1,400  kilograms  of  water  are  evaporated  daily, 
550,600  kilograms  of  H28O4  are  formed,  and  from  3J  to  4 
per  cent,  of  the  acid  passing  through  the  tower  is  carried 
over  into  the  chambers. 
ritf^cOTitoinm  Whcu  pyritcs  cout-aiuing  selenium  are  burned,  it  is  found 
selenium.  that  the  scleuious  oxide  formed  is  decomposed  in  the  Glover 

tower,  by  the  action  of  the  sulphurous  oxide,  leaving  selen- 
ium behind— SeOj  +  2SO2  =  Se  +  2SO3. 

The  use  of  the  tower  as  a  concentrator  is  practical  in  all 

cases,  except  where  it  is  necessary  that  the  acid  shonld  be 

Coloring  action  free  from  the  brown  color  resulting  fi'om  the  presence  of 

of  organic  mat-  °  '^ 

terin  tiie  coke,    orgaulc  matter  in  the  coke,  as  well  as  free  from  the  impuri- 
ties caused  by  the  entrance  of  flue  dust. 

With  regard  to  the  value  of  the  tower  as  a  denitrating 
Deniteation  of  agent,  there  is  a  wide  diversity  of  opinion.    Vorster,  Hurter, 

tli6  ftdd   in   tho 

tower.  and  others  claim  that,  while  the  acid  trickling  thrcugh  the 

tower  is  completely  denitrated  by  the  hot  sulphurous  vapors 

passing  through  on  their  way  to  the  chambers,  the  reaction 

goes  so  far  that  a  large  percentage  of  the  nitrogen  com- 

theF^sb 'reSuc? pounds  prcseut  are  reduced  either  to  the  form  of  monoxide 

lion  of  tho  nitro- or  to  nitrogcn  itself,  and  thus  rendered  utterly  useless. 

gen  corapounuB.  07  •/ 

They  attribute  further  to  this  reaction  the  hitherto  unex- 
plained loss  of  the  higher  oxides  of  nitrogen  in  the  mann- 
£Eicture.  On  the  other  hand,  Lunge  shows,  by  very  care- 
fully conducted  experiments,  that  a  mixture  of  S02  and  air, 
corresponding  to  the  mixture  issuing  from  the  pyrites  fur- 
naces, denitrates  acid  from  the  Gay  Lussac  tower  at  a  tem- 
perature of  2000  without  formation  of  nitrogen  or  its  mon- 
oxide. In  the  Glover  tower  the  reaction  should  be  the 
same;  the  gases  on  entering  possess  a  temperature  of  300^, 
but  give  off  heat  rapidly  to  the  denitrated  acid  at  the  bot- 
tom of  the  tower.  They  first  encounter  acid  not  entirely 
denitrated  in  the  middle  of  the  tower,  where  the  tempera- 
ture of  the  acid  is  70o  and  of  the  gases  175o.    The  acid  is 
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chiefly  denitrated  in  the  upper  portion  of  the  tower,  from  suiphuHcQcio. 

which  the  gases  enter  the  chamber  with  a  temperature  of 

50^.    Davis  claims  that  the  loss  of  nitrous  compounds  is 

due  to  the  presence  of  arsenious  acid,  which  is  oxidized  at 

their  cost  in  the  Gay  Lussac  tower.    Experiment  with  the 

Westphalian  pyrites,  which  are  free  from  arsenic,  should 

settle  this  x>oint. 

ConcentraUan  to  66^  jB.=1.8  ap.  gr.  ^  CmiMntoitioii 

In  the  methods  of  concentrating  sulphuric  add  from  55<^ 
B.  (1.59  »p.  gr.)  or  6(P  B.  (1.71  sp.  gr,)j  the  highest  degree 
capable  of  being  attained  in  leaden  vessels  under  ordinary 
circumstances,  to  66o  B,  (1.84  sp.  gr.)^  the  degree  required 
for  the  strongest  acid,  very  important  modifications  have 
been  introduced.    The  aims  kept  in  view  have  been  to  re-   KcpiRcementof 

tho  coetly  )>lati' 

place  totally  or  in  part  the  costly  platinum  hitherto  m  use  nam  apparAtus. 
for  retorts,  to  lower  the  temperature  at  which  the  concen- 
tration can  be  accomplished  in  these  substitutes,  and  to 
economize  friel.    De  Hemptinue  states  that  he  has  success-  DoHcmptinnca 
Mly  solved  the  problem  of  completing  the  concentration  in  ^*^^°™p"*^®^ 
leaden  vessels  by  means  of  the  vacuum.    The  leaden  basins  ^^jj'"^"^  ^° 
of  his  apparatus,  which  contain  the  acid,  fit  tightly  in  iron 
basins,  which  protect  them  from  the  pressure  of  the  atmos- 
phere and  transmit  the  heat  of  the  furnace.    A  partial 
vacuum  is  obtained  by  driving  the  air  from  the  large  cyl- 
inder in  communication  with  the  recipient,  by  means  of 
steam,  which  is  afterwards  condensed  by  a  stream  of  cold 
water.   Towards  the  close  of  the  distillation  as  complete  a 
vacuum  as  possible  is  obtained  by  the  use  of  a  Bunsen 
pump.    Although  the  method  has  been  in  use  since  1873, 
details  with  regard  to  its  successful  operation  are  still  i^^^^^^  ^ 
wanting,  and  leading  authorities  doubt  the  possibility  of  tjjj  ^^^f  j^" 
obtaining  an  acid  tolerably  free  from  sulphate  of  lead  in 
this  manner. 

Better  success  has  attended  the  introduction  of  Faure  & ,  ^«»o  &  Kew*. 
Eessier's  new  concentrator.    This  apparatus,  intended  to  tor. 
supersede  the  old  form  of  platinum  stills,  consists  essentially 
of  a  shallow  pan  of  platinum,  resting  above  the  free  fire  and 
of  a  capacious  cylindrical  cover  of  lead,  resting  in  a  channel  _?iftt*n?m  p«m 

_  *_  .,  _  ^',  ,m  with  leaden  covw 

formed  by  curving  the  upper  edge  of  the  .pan.  The  cover  and  worm. 
replaces  the  upper  part  of  the  platinum  stills,  as  well  as 
the  adjoined  worm,  being  made  with  double  walls,  between 
which  cold  water  constantly  circulates.  The  weak  acid  dis- 
tilled off  condenses  on  the  walls  of  this  cover,  flows  down 
into  the  channel  referred  to,  thereby  forming  a  hydraulic 
joint  between  the  pan  and  its  cover,  and  is  drawn  off  from 
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suiphurieacid,  the  oatside.    The  water  drawn  off  at  first  is  conducted  di- 
rectly into  the  vitriol  chambers  or  into  boilers  by  a  tube 
from  the  conical  summit  of  the  cover.    In  previous  forms 
pmito  a  Keaa-  of  Faurc  &  Kesslcr's  concentrator  the  fui*nace  with  the  pan 

tor"  *^"^°  stood  in  the  middle  of  a  small  lead  chamber,  over  the  out- 
side of  which  cold  water  constantly  trickled.  The  chief 
advantages  of  this  apparatus  are  diminution  of  platinum 
necessary  for  a  certain  rate  of  concentration  to  one-third 
of  the  amount  formerly  required;  avoidance  of  violent 
ebullition,  on  account  of  the  small  amount  of  acid  present 
at  any  one  time  in  the  pan — ^less  than  10  centimeters  in 
AdTHDteges.  depth;  an  economy  of  30  per  cent,  in  fuel ;  ease  of  making 
repairs ;  smaller  proportional  loss  of  platinum.  The  firm 
has  already  supplied  65  concentrators  since  1873,  of  which 
7  have  been  sent  to  the  United  States. 

The  marked  advantages  and  economy  resulting  from  the 
use  of  this  style  of  apparatus  at  once  brought  about  a  rev- 
olution in  the  manufacture  of  x>latinum  stills. 
Johnson,     Johnsou,  Matthcy,  &  Co.,  of  London,  have  introduced  an 

■«n.  oblong,  low  still,  in  which  the  rapidity  of  evaporation  is 

insured  by  the  use  of  a  fluted  or  corrugated  bottom.  The 
acid  passes  from  the  lead  pans  first  into  open  platinum 
pans  with  similarly  fluted  bottoms,  and  finally  into  tlie  re- 
tort described.  The  firm  claims  likewise  to  have  first  intro- 
duced the  principle  of  distilling  acid  in  shallow  vessels. 
Demontfa.     DcRmontis,  Qiiensscn,  &  Lebrunne,  of  Paris,  also  supply 

bTOMQe^a^itm.  '*'  a  Still,  exceedingly  shallow,  in  which  vertical  concentric 

divisions  forcje  the  entering  acid  to  pass  over  a  tolerably 
long  route  before  reaching  the  outlet  tube — an  arrangement 
which  allows  concentrated  acid  to  be  continuously  drawn 
off  by  this  tube.  Other  arrangements  allow  the  acid  to 
pursue  a  zigzag  course  from  one  side  of  the  still  to  the 
other,  so  that  the  strongest  acid  is  always  above  that  part 
of  the  still  most  exposed  to  the  heat  of  the  furnace, 
uebfg's   im-     Licbig's  improvement,  by  which  the  still  can  be  turned 

pMvemen  .        ^^^  ^.^^  ^^  time,  appears  to  give  satisfactory  results. 

A  few  comparative  statements  of  results  obtained  with 
the  various  forms  of  stills  will  show  the  present  state  of  the 
question  between  the  rival  merits : 

Amount  of  sulphnrio 
aoid  of  9p.  gr.  1.84. 

Comparison  of  Old  form  of  Htill,  weight  of  platinum  3(3.5  kilos,  concen- 

tStoedftS^viS:     trated  in  24  hours 2,800W1««. 

oifti  atilk.  Dcsmontis  Sl  Co.,  new  form,  weight  of  platinam  17.6  kilos.  1, 500  kilos. 

Desmontis  &  Co.,  Licbig's  form,  weight  of  plutinum  24.34 

kilos 4,500kiloa. 

Johnson,  Matthey,  &.  Co.,  new  form,  weight  of  platinam  20 

kiloe,  cost  $5,000 4, 000-(>,  000  kUoe. 
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Amount  of  sulphuric  Sulpkwrie  aeid, 
moid  of  tp.gr.  1.84. 

Johnson,  Matthey,  &  Co.  ,2  open  pans  and  4  lead  pans,  37.3 

kilos 8, 000  kilos.     Compariron  «rf 

-.•»-.  ^«  rv««  %  .-/w\  -i  •!       resnlta fipom  v«ri- 

Fanie  &.  Kessier's  pan,  costing  |3,000 2, 500  kilos,  ons  atiUa. 

By  Faure  &  Kessier's  system,  with  a  monthly  prodaction 
of  75,000  kilograms,  there  is  a  saving  of  13  cents  per  100 
kilograms  of  acid  in  the  cost  of  concentration,  as  compared 
with  the  old  system. 

The  loss  of  platinum  in  the  stills  during  the  coucentra-  ,on  th«  losa  of 

^  __  __    platinum  in  Um 

tion  has  been  carefully  examined  by  Scheurer-Kestner.  He  suiis. 
finds  that  when  nitrogen  compounds  are  absent  from  the 
acid,  0^  grams  of  platinum  are  dissolved  in  the  concentrar 
tion  of  1,000  kilograms  of  the  monohydrate.  The  presence 
of  nitrogen  compounds  causes  a  still  greater  loss.  The 
presence  of  30  per  cent,  of  iridium  in  the  alloy  of  which  the 
still  is  made  doubles  the  i*esistance.  The  alloy  of  platinum, 
containing  30  per  cent,  of  iridium,  is,  however,  too  brittle  for 
practical  purposes. 
G.  B.  Lichtenberger  has  introduced  an  iron  still  for  the .  Lichtenbergfo-'a 

iron  stilL 

conccntratiom  of  sulphuric  acid,  which,  if  entirely  success- 
ful, may  solve  the  question  of  the  platinum  vessels  in  an  un- 
exx)ected  manner.  It  consists  of  a  simple  retort  of  cast  iron, 
provided  with  a  leaden  cover  and  leaden  worm.  The  cover 
is  kept  cold,  and  acts  as  a  condenser,  channels  on  its  inter- 
nal surface  conducting  the  condensed  acid  to  a  recipient. 
The  use  of  this  still  is  based  on  the  fact  that  while  hot  acid 
at  60^  B.  attacks  iron  vigorously,  with  evolution  of  hydro- 
gen and  sulphurous  anhydride,  this  property  is  lost  as  soon 
as  the  concentration  attains  64P  B.  (1.79  sp.  gr,).  The  still 
is  therefore  filled,  at  the  start,  with  a  mixture  of  60^  B. 
acid  and  66^  B.  acid,  possessing  the  64^  B.  concentration. 
When  this  amount  has  been  concentrated  to  66^  B.,  one- 
half  of  it  is  drawn  off*,  and  sufficient  60^  acid  is  added  to 
bring  the  strength  again  down  to  64<^,  when  the  evapora- 
tion is  resumed.  A  still  1  meter  in  diameter  and  56  centi- 
meters in  depth  concentrates  in  this  manner  about  1,400 
kilograms  of  acid,  in  24  hours,  to  66^  B. 

In  England  glass  retorts  are  used  for  the  greater  part  of  isncUsh  gia» 
the  acid  concentrated,  although  it  is  difficult  to  obtain  a 
strength  above  65<^  B.  (1.82  sp.  gr.).  For  the  strongest  acid 
platinum  stills  are  required.  The  glass  retorts  are  usually 
1  meter  high  and  0.56  meters  in  diameter,  of  thin,  very  evenly 
blown  glass.  They  rest  on  sand-baths,  and  are  protectee! 
by  plates  of  fire-clay  jfrom  the  direct  action  of  the  flame. 
A  common  arrangement  for  providing  continuous  working 
is  to  place  them  on  terraces,  in  series  of  threes,  connected 
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Sidphurie  mM.  ^jth  each  Other  by  means  of  syphous.  Acid,  at  a  temper- 
ature of  150O  0.,  enters  the  upper  one,  and,  after  partial 
concentration,  flows  into  the  second,  and  then  into  the 
third,  from  which  the  most  strongly  concentrated  acid  is 
drawn  off  through  a  cooler  into  the  carboys. 

puriflcatioii.  Purification  of  sulphuric  acid. 

Removal  of  or.     The  rcmoval  of  arsenic  present  in  the  product  of  the 

^"~         great  majority  of  works  is  an  operation  usually  avoided 

where  it  is  not  absolutely  essential  to  protect  the  platinum 

sniphnxeted  stills.     lu  many  establishments  sulphureted  hydrogen  is 

y  rogen,         ^^.^^  ^^^^^    rJ^^^  technical  difficulties  standing  in  the  way  of 

its  use  have  led  to  the  adoption  lately  of  other  means.    One 

Sodium  hypo- consists  in  the  addition  of  sodium  hyposulphite  to  the 

sa  p  te,  chamber  acid  of  50^  B.,  the  arsenious  acid  present  being 

precipitated  as  AS2S3,  and  sulphate  of  sodium  remaining 

dissolved  in  the  acid.    By  this  method  the  percentage  of 

arsenic  is  reduced  from  0.098  to  0.004. 

A  still  better  method,  leaving  no  salt  in  solution,  is  that 

Barinm  boi-  of  DupasQuier,  depending  on  the  use  of  barium  sulphide, 

^    ®'  which  yields  a  precipitate  of  AS283  and  BaSO^. 

In  his  recent  report  on  the  manufacture  of  sulphuric  acid 
in  Prance,  M.  A.  Favre  gives  an  interesting  statement  of 
the  present  cost,  in  that  country,  of  producing  1 ,000  kilos  of 
acid  at  50^  B.,  or  1.53  specific  gravity : 

Franoa. 

Costof  urodno-  640  kilograms  pyrites  (35  to  40  per  ceot.  sulphar),  3  francs  per  100 
tton^of  »ulpharic     j^ji^g ic).20 

18  kilograms  Chili  saltpeter,  38  francs  per  100  kilos 6. 84 

30  kilograms  sulphuric  acid  at  60^  B.,  to  decompose  the  nitrate. .  1. 20 

gO  kilograms  coal,  30  francs  per  1,000  kilos 2.40 

Labor  and  breakage 3.26 

General  expenses  and  maintenance 5.00 

37.90 
Deduct  20  kilograms  sodium  bisnlphate,  at  5  francs  per  100  kUos . .     1. 00 

1,000  kilos  sulphuric  acid,  ot  500  B 38.90 

Which  in  our  money  makes  the  acid  cost  about  36  cents  per  pound. 

Fmning  sui-  Fumiug  or  Nordhauaen  sulphuric  add. 

phnrio  add. 

Until  a  recent  date  the  manufacture  of  fuming  sulphuric 
acid  has  been  a  monopoly  of  the  famous  Stark  Works,  in 
Northwestern  Bohemia.  There  it  was  first  manufactured 
over  three  centuries  ago,  and  thence  the  industry  was 
NoidfaaiueiL  transplanted  to  Nordhausen  and  other  localities  in  Germany^ 
in  none  of  which,  however,  it  exists  at  present.  No  essen- 
tial changes  have  been  introduced  in  the  general  method  of 
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manufactare  since  its  origin,  although  within  the  past  fifty  suiphurUiaeid. 

years  notable  economies  in  fnel,  labor,  etc.,  have  been 

effected.     The  vitriol-slate  which  occurs  in  quantities  in       Nordhaiwen 

_    _,,,  ,         _  ^^  process. 

the  neighborhood  of  Pilsen  and  Elbogen  contains  uom  12 
to  31  per  cent,  of  sulphide  of  iron.  On  exposure  to  moist 
air  for  about  three  years,  the  sulphide  is  changed  almost 
completely  into  ferrous  and  ferric  sulphate.  These  salts  are 
extracted  by  lixiviation,  the  solution  evaporated,  and  the 
residue  calcined,  in  order  to  entirely  expel  the  water  and 
change  the  ferrous  sulphate  as  completely  as  possibly  into 
ferric  sulphate.  This  calcined  mass — the  so-called  vitriol- 
stone — when  pulverized,  is  introduced  into  fire-clay  fiasks, 
and  subjected  to  distillation,  yielding  fuming  sulphuric  acid, 
which  is  collected  in  recipients,  and  oxide  of  iron,  which 
remains  in  the  fiasks,  constituting  the  caput  mortuum  of 
early  chemistry. 

In  the  Stark  Works  2,928,000  kilos  of  vitriol-stone  are  stark  Woriu. 
distilled  yearly,  yielding  1,720,500  kilos  of  fuming  sul< 
phoric  acid  and  1,350,000  kilos  of  oxide  of  iron,  which 
after  a  special  treatment  is  delivered  into  commerce,  where 
it  finds  a  ready  sale  as  pigment.  These  immense  works 
contain  12  acid  distilleries,  with  110  furnaces,  and  annually 
employ  72,400  retorts  or  fiasks  and  40,000  receivers.  Sul- 
phuric anhydride  is  also  prepared  by  this  establishment. 

The  use  of  fuming  sulphuric  acid,  as  well  as  of  sulphuric   UBesof  ftmuug 

'  Bnlphnric      ftcid 

anhydride,  which  was  formerly  limited  chiefly  to  the  require-  aniisoiphurioim- 
ments  of  indigo  dyers,  has  been  widely  extended  since  the  * 
discovery  of  ozokerite  and  the  introduction  of  aniline  and 
anthracine  dyes,  notable  quantities  being  required,  especially 
in  the  manufacture  of  artificial  alizarine.  This  increased 
demand,  as  well  as  the  probability  of  a  still  more  extended 
use  in  the  future,  has  naturally  led  to  a  study  of  methods 
available  for  the  manufacture  of  this  powerful  reagent,  by 
means  of  which  it  can  be  freed  from  the  present  monopoly, 
and  the  dependence  on  local  conditions,  such  as  the  posses- 
sion of  large  deposits  of  vitriol-slate,  and  placed  on  the  same 
basis  of  free  competition  as  the  other  leading  products  of 
the  great  chemical  industries. 

For  this  purpose  two  processes  are  now  in  use.  The  first  Processca  »»f 
is  based  on  the  utilization  of  the  bisulphate  of  sodium  ob- 
tained in  quantities  from  the  sulphuric  acid  works  and  from 
the  manufacture  of  nitric  acid.  It  is  a  method  which  has 
frequently  been  proposed,  and  even  carried  into  execution 
on  a  small  scale.  It  depemls  on  the  fact  that  when  bisul- 
phate of  sodium  is  melted  it  loses  water — 

2NaHS04=H20+Na«S,07j 
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Sulphuric  acid,  and  when  heated  to  600^  C.  it  loses  sulphuric  anhydride— 

KaAO,=803+Na3S04. 

For  two  years  past  considerable  quantities  of  sulphuric 

FnmiDg  BO]-  anhydride  and  fuming  sulphuric  acid  have  been  manufact- 

phario  acid.       „j.^^  ^^  ^^^^^j^  Fraucc  and  England  by  this  method ;  and  it  is 

stated  that  the  process  is  continuous,  sulphuric  acid  being 
added  to  the  residual  sulphate  of  sodium  to  regenerate  the 
bisulphate.  The  manufacture  is  still,  however,  in  the  ex- 
perimental stage,  and  has  not  overcome  certain  technical 
difficulties  facing  the  production  on  a  large  scale. 
Winkler*!!  pro-  The  sccoud  proccss  is  of  an  exceedingly  original,  ingeni- 
ous, and  elegant  charaeter,  and  was  proposed  in  1875  by 
Professor  Winkler,  of  Freiberg,  who  generously  offered  it 
to  the  industrial  world  free  from  all  patent  restrictions. 
This  process  is  based  on  two  simple  reactions :  the  union  of 
sulphurous  anhydride  and  oxygen  to  form  sulphuric  anhy- 
dride, when  passing  at  not  too  high  a  temperature  over 
certain  so-called  catalytic  substances ;  and  the  nearly  com- 
plete decomposition  at  a  high  temperature  of  sulphuric  acid 
into  water,  oxygen,  and  sulphurous  anhydride— 

S02+0=S03  :  H2S04=H20-f  0+SO,. 

Dosoription  of    The  Operation  consists,  firstly,  in  passing  the  vajiors  of 
^*'***'*^  concentrated  sulphuric  acid  through  an  iron  tube,  lined  in- 

ternally and  externally  with  fire-clay  and  filled  with  frag- 
ments of  porcelain,  which  are  kept  a  bright  red  heat.  The 
decomposition  here  is  almost  complete,  and  the  resultant 
gases  are  conducted  through  a  system  of  lead  tubes,  which 
serve  for  the  condensation  of  most  of  the  aqueous  vapor 
present ;  and,  finally,  to  remove  the  last  traces  of  water*  the 
gases  are  passed  through  a  scrubber  filled  with  pumice- 
stone,  over  which  concentrated  sulphuric  acid  constantly 
trickles.  The  mixture  of  oxygen  and  sulphurous  anhydride 
is  next  conducted  through  tubes  of  fire-clay  heated  to  dull 
redness,  in  which  are  contained  the  contact  substances 
necessary  to  induce  the  union  of  the  gases.  For  this  pur- 
pose finely  divided  platinum  is  best  adapted,  and  the  most 
practicable  form  is  found  to  be  the  so-called  platinum  asbes- 
tus,  prepared  by  soaking  very  soft  asbestus  in  a  concen- 
trated solution  of  chloride  of  platinum,  then  dipping  it  into 
a  solution  of  chloride  of  ammonium,  and  heating  it  to  a  glow, 
after  first  drying  the  mass.  Under  the  most  favorable  cir- 
cumstances thus  far,  about  eight-tenths  of  the  sulphurous 
anhydride  passed  through  the  apparatus  is  oxidized  to  sul- 
phuric anhydride,  which  is  condensed  in  lead  chambers  or 
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conducted  into  sulphorio  add  to  form  Kordhauseu  or  fom-  suiphwioaetd. 

ing  snlplinric  acid. 

'  The  pnncipal  difficnlties  at  the  commencement  of  the. fab-  ,    Faming  sni. 

pnurio  aoid. 

rication  are  the  arrangements  of  satisfactory  retorts  for  the 
distillation  of  the  sulphuric  acid  and  the  avoidance  of  a  loss   winUer's  pt«- 
of  platinum  from  the  presence  of  arsenic  in  the  acid  used.^'^^' 
These  obstacles  appear  to  have  been  satisfactorily  overcome, 
as  the-  process  is  in  regular  operation  in  one  English  and 
three  German  establishments.    In  consequence  of  its  intro- 
duction, Nordhausen  acid  is  now  sold  at  one-third  of  its  for 
mer  price.    The  platinum  apparatus  necessary  for  the  fab-   cost  of  neoee- 
rication  is  advertised  by  Johnson,  Matthey,  &  Co.,  of  Lon-poiatos. 
don,  at  $10,000. 

A  method  just  introduced  by  Waltersin  Oermany  is  based  ccm.**^**"  ^"^ 
on  the  action  of  sulphate  of  magnesium  on  dehydrated  bi- 
sulphate  of  sodium — ^Na3S04+S03.  At  a  temperature  suf- 
ficiently elevated  to  liqnify  the  latter,  the  double  sulphate 
of  soda  and  magnesia  is  formed,  and  the  sulx>huric  anhydride 
thereby  set  free  is  distilled  over.  The  great  advantage  of 
this  method  is  the  low  temperature  at  which  the  anhydride 
is  produced,  a  circumstance  allowing  an  easy  choice  of  ma- 
terial for  the  necessary  apparatus.  The  residual  double  sul- 
phate is  dissolved,  and  the  two  salts  separated  by  crystalli- 
zation, to  be  used  again  for  the  same  purpose,  the  soda  salt 
receiving,  naturally,  an  additional  equivalent  of  sulphuric 
acid  after  each  operation. 

Sulphuric  anhydride  is  sent  into  commerce  inclosed  in 
sheet-iron  or  tin-plate  boxes,  it  having  no  action  on  the 
metals  in  the  absence  of  moisture. 

Sulphurous  and  hydrosulphurous  adds.  SaipharouBaDd 

hydroBulphoioaf 

An  important  new  application  of  sulphurous  anhydride  is  ^'^^ 
for  the  manufacture  of  artificial  ice  by  Pictet^s  method.   The 
cheapness  of  the  gas  and  its  easy  compressibility  render  it 
eminently  adapted  for  this  purpose.    Thousands  of  hundred-   use  in  the  pio- 
weights  of  ice  were  manufactured  during  the  Exhibition  in      c«p"«^ 
a  special  bnilding  in  the  grounds,  erected  by  the  Pictet  Ice 
Company. 

Sulphurous  acid  is  now  required  extensively  in  dyeing,   in  dyeing. 
Bisulphite  of  lime  has  now  entirely  superseded  sulphur  as 
an  anti-ferment  in  the  wine  and  beer  making  industries.    In    ^s  on  antifw. 
the  latter  manufacture  it,  together  with  salicylic  acid,  is  the 
Bole  means  now  used  for  arresting  the  fermentation  at  the 
proper  moment,  and  to  prevent  any  subsequent  action. 

Hydrosulphurous  acid,  and  especially  its  sodium  salt,  dis 
covered  by  Schiitiseuberger  in  1873,  rank  among  the  most  schfitzenbergor. 
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suiphurieaeid.  powerful  reducing  agents  now  at  the  command  of  the  tech- 
nical chemist.     The  sodium   salt — ^NaHSOs — ^in  aqueous 
solution,  forms  an  excellent  substitute  for  ferrous  sulphate 
in  the  indigo  vat,  especially  for  woolen  goods.    For  ordinary 
Use  of  the  dyeing,  it  increased  the  ease  and  rapidity  of  the  operation, 

aodimn    salt    of    ^  ..    °'  .  _      _  ,  f         ''.    ^,         ..^  ' 

hydrosniphuroaa  whilc  lusunng  purcr  shades  'j  and  m  pnnting  it  causes  a 
^        ^    ^    saving  of  50  per  cent,  of  the  indigo  used,  while  permitting 

at  the  same  time  the  printing  of  aniline  and  other  dyes,  as 
well  as  offering  other  facilities.  The  solution  of  sodium  hy- 
drosulphite  is  prepared  by  adding  one  part  of  zinc  powder 
to  from  10  to  15  parts  of  a  solution  of  sodium  bisulphite, 
making  24^  B.,  and  stirring  until  the  odor  of  sulphurous 
acid  ceases  to  be  given  off.  The  same  solution  is  also  used 
for  bleaching  woolens.  Since  the  introduction  of  this  re- 
agent a  new  impetus  has  been  given  to  the  woolen  industry 
in  certain  districts  of  Belgium  and  France. 

KUri^acid.  NITRIC  ACID  AND  NITEATE8. 

Manufacture  of  nit^io  aeid. 


Made  excin-  This  acid  Is  still  manufactured  exclusively  from  sodium 
SitpetS^SiS^  "^^^ra^  (Chili  saltpeter),  by  decomposition  with  sulphuric 
com^itionwfth  ^cid,  nouc  of  the  proposed  substitutes  offering  a  more  satis- 
*'sub8Urat<J^ol  factory  method.  The  most  important  of  these  proposed  im- 
CCMC8  o^^  KuM- pp^y^jj^^jj^g  g^j.^  IjIjq  decompositions  of  sodium  nitrate  by 

andSvniz.         mauganesc  chloride  (Kuhlman),  by  alumina  (Wagner),  and 

by  calcium  carbonate  and  steam  (Walz).    Noteworthy  ad- 
vances in  the  technical  arrangements  are  the  following: 
Introduction  of  horizontal  cast-iron  cylinders  in  place  of 
the  former  elliptical  retorts  for  decomposition,  permitting 
economy  in  fuel  and  greater  ease  in  conducting  the  opera- 
important  tech- tion  ;  use  of  Clove's  changeable  cock,  permitting  the  sepa- 
monts  in'^e  ap^ratiou  of  the  colorlcss  acid  from  the  fuming  acid  during  the 
parntus.  reaction ;  substitution  of  glass  tubes  for  the  former  stone- 

ware heads  of  the  retorts,  allowing  a  constant  control  of  the 
reaction  in  the  retorts  \  introduction  of  cylindrical  recipi- 
ents ;  absorption  of  the  vapors  issuing  from  the  last  recipient 
by  sulphuric  acid  in  a  coke  scrubber,  forming  nitrous  acid 
similar  to  that  obtained  in  the  Gay  Lussac  tower ;  passage 
of  the  acid  vapors  through  a  glass  condenser.  This  last  is 
a  most  important  improvement.  One  of  the  chief  difficulties 
hitherto  in  the  manufacture  of  nitric  acid  has  been  the  brit- 
FraKiiityofthetle  Character  of  the  stone-ware  recipients  when  exposed  to 

•tone-ware      '©-.-l-ji.  ^  j.  j.  •! 

cipients,  the  rapid  changes  of  temperature  necessary  m  economical 

and  continuous  work.   In  England  this  annoyance  is  avoided 
and  the  wonn.    by  letting  the  acid  vapors  pass  through  a  worm  of  atone 
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ware.  The  unavoidable  fragility  of  the  latter,  however,  en-  ^**^  ««^ 
tails  frequent  loss.  Goebel,  in  Belgium,  has  replaced  the 
worm  by  a  suitable  glass  tube,  arranged  much  as  the  fa-  GioMwonn. 
miliar  condensers  of  the  laboratory,  and  kept  cool  with  a  con- 
stant stream  of  water.  By  iliis  simple  contrivance  he  les- 
sens the  number  of  the  recipients  to  a  third  of  the  former 
number,  entirely  prevents  their  breakage,  and  increases  the 
production  by  20  per  cent. 

The  residual  sodium  sulphate  from  the  decomposition  of  n(»e  of  the  re- 
sodium  nitrate  is  now  profitably  used  in  the  manufacture  of  sniphAte. 
soda  crystals,  as  well  as  of  Nordhausen  sulphuric  acid. 

Julian,  in  France,  has  patented  a  method  of  preparing 
nitric  acid  by  passing  the  electric  spark  through  strongly 
compressed  air. 

Nitrate  of  soda  (soda  saltpeter),  Nitxateofaoda. 

The  nitrate  of  sodium,  which  now  forms  the  great  source 
of  nitric  compounds,  is  derived  almost  entirely  from  the 
western  coast  of  South  America.    The  deposits  are  found   xhedepoeiuot 
in  a  territory  about  2,400  miles  in  length,  extending  through  ^vxhA:^^^ 
Peru,  Bolivia,  and  Chili,  which  is  supposed  to  have  been 
the  bed  of  an  inland  sea,  and  to  have  since  been  elevated 
by  volcanic  agency.    The  deposits  are  found  in  a  marly 
earth,  firom  three  to  thirty  feet  below  the  surfaice,  and  con-  Chanoterofde- 
tain  usually  from  48  to  55  per  cent,  of  nitrate  of  sodium,  35  ^^ 
to  40  per  cent,  of  chloride  of  sodium,  and  10  to  12  per  cent, 
of  insoluble  matter.    They  are  loosened  by  blasting,  and    Mode  of  work- 
the  pulverized  mineral  undergoes  a  series  of  lixiviations.    ^ 
The  old  method  of  boiling  the  mass  with  water  is  now  su- 
I>erseded  by  extraction  at  a  lower  temperature,  a  change   improved  pro- 
followed  by^  an  increase  of  30  per  cent,  in  the  yield  of  nitrate.  *^^"* 
The  nitrate  crystallizing  out  of  the  solution,  after  the  depo- 
sition of  the  chloride  of  sodium,  contains  95  or  96  per  cent, 
of  nitrate  of  sodium.    In  the  methods  of  transport  and  ex- 
traction there  is  still  much  room  for  improvement. 

Peru  possesses  over  one  hundred  and  thirty  nitrate  works,    Nitrate  works 
producing  annually  about  300,000,000  kilograms,  over  half  **'^^^' 
of  which  is  absorbed  by  England.    At  present  all  these 
works  are  in  the  hands  of  the  government,  which  has  pur- 
chased them  for  $17,500,000  in  1877,  and  it  intends  to  make 
a  monopoly  of  the  manufacture. 

During  the  past  year  very  extensive  deposits  have  been  chfliandepodts 

found  in  the  province  of  Atacama,  Chili,  containing  30  per^ 

cent,  of  nitrate  of  sodium.    The  production  of  nitrate  in 

Bolivia  has  been  greatly  increased  since  the  existence  of  the   works  in  Bo- 
livia. 
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yurieaeid.     govemmeut  monopoly  in  Peru,  the  port  of  Antofogabta 
alone  exporting  1,180,000  kilograms  monthly. 

Nitrate  of  pot-  Nitrate  of  potash  ar  saltpeter. 

Process  by  dou-     The  manufacture  of  this  salt  from  double  decomposition 
tionofp^Smn'of  Commercial  potassium  salts  and  nitrate  of  sodium  has 
of  sodium."^       uow  attained  a  high  degree  of  perfection,  and  forms  at  pres- 
ent the  main  source  of  this  important  compound.    But  com- 
paratively small  quantities  of  saltpeter  are  now  exported 
from  India  and  other  tropical  countries,  and  the  so-called 
saltpeter  beds  are  scarcely  to  be  found  outside  of  Sweden, 
where  the  government  still  requires  an  annual  contribution 
Probable   ef-  from  cach  landholder.    The  increase  in  the  price  of  nitrate 
monopoly.         of  sodium  growiug  out  of  the  Peruvian  monopoly  may  pos- 
sibly revive  some  of  the  discarded  methods  for  forming 
PixMiaction  of  saltpeter.    In  the  great  Austrian  works  at  Simmering,  man- 
ft"s^mering.^  "  ufucturiug  2,500,000  kilograms  annually,  chloride  of  potas- 
sium from  Kalusz  is  used,  on  account  of  its  freedom  from 
magnesium  salts.    In  the  other  leading  European  works  the 
ProdnctioD  of  StassfuTth  sult  Is  uscd.    In  the  three  German  works  now  in 

on  wor      Qp^ra^QQ  20,000,000  kilograms  are  produced  annually. 
Schmidt's  pro-     Schmidt,  iu  l^cumaxk,  obtains  saltpeter  by  adding  nitrate 
of  sodium  to  the  mother  liquors  remaining  after  the  separa- 
tion of  the  iodine  and  magaesia  from  the  solution  yielded 
New  Freuchby  the  lixiviatiou  of  kelp  ash.    By  a  new  French  process 
process.  ^^^  conversion  of  the  nitrate  of  sodium  into  the  potassium 

salt  is  effected  by  inclosing  the  solution  in  an  autoclave, 
provided  with  a  stirring  apparatus,  and  exposing  it  to  the 
action  of  steam  at  a  pressure  of  six  atmospheres. 

Very  impure  saltpeter  is  brought  from  Peru,  obtained 

from  the  residual  liquors  after  the  crystallization  of  the 

nitrate  of  sodium. 

Considerable  quantities  of  niter  are  now  manufactured  in 

Decomposition  Belgium  from  Chili  saltpeter  by  decomposing  it  with  car- 

^pot»^um"ob%onate  of  potassium,  obtained  from  the  ashes  of  the  beet- 

sshe^sof  th^ynsto  root  sugar  manufuctorics.    The  product  of  this  industry  is 

Bu^rprocSw!*^*  very  pure,  and  it  is  sold  at  a  low  price. 

During  the  recent  Busso-Turkish  war  large  quantities  of 
saltpeter  were  exported  from  America  to  Europe. 

PotaMittwsattt.  POTASSIUM  SALTS. 

Deposits  of  po.     The  rapid  development  of  the  enormous  deposits  of  x>o- 
xainszoadstoss-tassinm  salts  at  Kalusz,  in  the  Carpathians,  and  at  Stass- 

furth,  in  Central  Germany,  has  caused  the  usual  processes 
for  obtaining  these  compounds  to  descend  to  a  somewhat 
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subordiDate  position.    The  use  of  pearlash  is  become  more  Potassium  taiu. 
and  more  limited.    Thas  the  export  of  pearlaali  from  Lower 
Canada  to  Europe  has  diminished  during  the  past  twenty- 
five  years  from  7^500,000  kilos  to  5,000,000  kilos. 

The  extraction  of  the  potassium  salts  from  the  suint  of^^^^^  ^^^ 
raw  wool,  a  practice  introduced  in  1859,  grew  to  be  an  im- 
portant industry  in  a  few  years,  a  full  and  exhaustive  de- 
scription of  which  was  given  by  A.  W.  Hofmann  in  his  re-     Hoftnan'H  re- 
port on  the  Chemical  Industries  as  shown  at  the  Universal  £udtioii,^8S^ 
Exhibition  held  in  London  in  1862.     This  industry  origi- 
nated in  France — growing  out  of  the  researches  chiefly  of 
Vauquelin,  in  1803,  and  of  Chevreul,  in  1828— where  it  still 
flourishes,  notwithstanding  the  unequal  contest  with  the 
Stassforth  minerals.    It  is  also  carried  on  in  Germany  and 
in  Hungary,  where,  by  the  process  of  exhaustive  lixiviation 
now  practiced,  a  yield  of  over  30  kilos  of  crude  potash,  con- 
taining W  per  cent,  of  potassium  carbonate,  from  1,000  kilos 
of  wool  is  obtained.    Potash  extracted  from  suint  is  said  to 
contain  no  soda. 

The  combined  effect  of  the  Stassfurth  deposits  and  the   catues  of  de- 
South  American  supplies  of  iodine  have  exerted  a  depress- pro^^^ma^of  ex^ 
ing  influence  on  the  extraction  of  salts  from  sea- weed  ashes,  ^^oml"  ^    ^ 
especially  in  France.    A  most  ingenious  process  has  been 
introduced  by  Herland,  which,  by  increasing  the  yield  of  neriuid's  pro- 
potash  and  of  iodine,  will  probably  enable  this  industry  to  ^'^^' 
maintain  its  existence.    Instead  of  being  burned,  as  hitherto, 
the  freshly-gathered  kelp,  packed  in  iron  baskets,  is  im- 
^mersed  in  lime  baths — containing  50  kilos  of  caustic  lime^  ,  steeptag  tiM 

kelp    m    cBuatio 

to  the  cubic  meter  of  water — and  allowing  the  salts  to  beumeaoiution. 

extracted  by  the  process  of  osmosis.     By  diffusion  through 

the  walls  of  the  cells  of  the  vegetable  the  salts  of  the  plants 

go  into  solution  and  are  replaced  by  lime.    The  plants  are 

are  used  for  fertilizers,  where  potash  salts  are  not  required; 

and  the  solutions,  on  being  treated  as  usual,  yield  three 

times  the  amount  of  potash  and  iodine  obtained  by  former 

processes.     The  extraction  of  chloride  of  potassium  from    Extrootion  of 

the  mother-waters  of  the  salt  gardens  in  France  had  as-  siom  fronf^the 

sumed  large  proportions  at  the  time  of  the  discovery  of  the  tbo  s^  gardeoial 

deposits  in  Germany.    Since  that  time  Merle  has  introduced 

such  important  modifications  into  the  methods  practiced, 

that  now  it  is  possible  to  produce  chloride  of  potassium  at 

a  price  even  below  that  of  the  German  or  Austrian  product. 

The  most  important  and  the  most  recent  of  these  improve-      Merle's   im- 
ments  consists  in  a  simple  method  for  obtaining  anhydrous 
sodinoi  sulphate  (thenardite)  from  crystallized  glauber  salt 
(Nat804  +  lOHsO).     In  the  concentration  of  the  mother- 
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Pouuaium  Mttc  waters  necessary  for  the  separation  of  the  chloride  of  po- 

tassinm^  a  precipitate  of  crystallized  sodium  sulphate,  ten 

Merle's  pro-timcs  the  Weight  of  the  potassium  salt,  is  obtained  as  a  lye 

**^  product.    On  account  of  the  cost  and  technical  difficulties 

connected  with  the  reduction  of  this  salt  to  the  anhydrous 
state  by  the  action  of  heat,  it  was  practically  of  but  little 
value.  The  new  method  of  utUizing  this  salt  is  based  on 
the  fact  that  when  it  is  liquified  in  its  water  of  crystalliza- 
tion at  330  C,  and  there  is  added  to  the  solution  i:0  to  22 
X)er  cent,  of  common  salt,  or,  better  still,  a  mixture  of  mag- 
nesium sulphate  and  sodium  chloride — precipitated  at  one 
stage  of  the  operation — ^the  entire  quantity  of  sodium  sul- 
phate present  is  precipitated  as  a  fine  powder,  in  a  high 
state  of  purity.  In  this  form  the  sulphate  is  prized  by 
glass-makers.  This  advantageous  disi>osition  of  the  most 
important  lye  product  in  the  operation  enables  the  chloride 
of  potassium  to  be  produced  at  a  price  allowing  successful 
competition  with  the  Stassfurth  salt,  even  outside  of  France. 
As,  however,  the  amount  of  chloride  of  potassium  obtained 
in  this  way  is  proportionate  to  the  production  of  salt  (1  to 
33),  this  industry  must  necessarily  remain  somewhat  limited. 
MazinAictaTe     The  manufacture  of  potash  ftom  the  vincbsse  left  after 

Ifmaue.  the  distillation  of  fermented  beet-root  molasses  has  formed 

for  the  past  forty  years  an  important  branch  of  industry 
in  France,  Germany,  and  Belgium.  It  was  estimated,  in 
1874,  that  no  less  than  12,000,000  kilos  of  potash  were  de- 
rived from  this  source  alone.  This  quantity  is  less  now,  on 
account  of  the  increased  practice  of  extracting  the  sugar  * 
from  the  molasses  by  osmosis  or  elution.  This  industry  has 
assumed  a  new  interest  since  the  iutroduction  in  France  of 
Vincent's  pro-  Yiuceut^s  mcthod  for  the  utilization  of  the  products  result- 

^dnatioDsabing  from  the  carbonization  of  mnasse.    The  calcination  in 

SSra!^^^        reverberatory  furnaces  is  replaced  by  distillation  in  retorts, 

a  process  yielding  an  extremely  porous  residue,  easily  lix- 
iviated,  and  allowing  the  ammonium  salts,  trimethylamine 
salts,  and  methylic  alcohol  in  the  distillate  to  be  saved. 

PotasHinmaaite  Potossium  salts  from  Stossfurth  minerals* 

■lineraU. 

The  production  of  potassium  salts  at  Stassfurth  and  the 
neighboring  district  is  steadily  increasing.     In  1876  the 
mines  delivered  547,000,000  kilos  of  potassium  salts,  and  at 
Pn»duct  of  the  present  the  yield  is  about  2,000,000  kilos  daily,  an  amount 
mioeii.  corresponding  to  about  500,000  kilos  of  chloride  of  potas- 

sium daily.    The  system  of  boring  introduced  by  Douglas 
Boring  proceaa  is  uow  iu  succcssful  Operation.    In  1877  a  boring  made  by 
•f  Doug    .       ^  company  south  of  Stassfurth  reached  a  rich  stratum  of 
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potassium  salts,  20  meters  thick,  at  a  depth  of  240  meters  PotaaHum  gaitt. 
from  the  surface,  below  various  deposits  of  gypsum  and 
sandstone.    But  few  changes  have  been  made  in  the  treat- 
ment of  the  salts.    Britnner  has  brought  into  use  a  new         BrOimer's 
method  for  preparing  potassium  sulphate  from  chloride  of™ 
potassium  and  kisserite  (M!gS04+H20)  or  kainite  (potas- 
sium sulphate  and  magnesia),  which  consists  in  adding 
alcohol  to  a  solution  of  the  salts.    This  causes  an  instant 
precipitation  of  potassium  sulphate,  with  small  quantities 
of  chloride  of  potassium.    After  evaporation  of  the  alcohol, 
concentration  to  1.26  sp,  gr.  causes  a  separation  of  pure 
chloride  of  potassium,  and  further  concentration  a  precipi- 
tation of  pure  camallite  (K01MgCl24-6H20).     The  most   Pfeiffer's  mode 
notable  improvement  in  this  industry  m  Pfeiffei^s  ingenious  due. 
ntUizatiou  of  the  residues  accumulating  in  the  preparation 
of  chloride  of  potassium.    The  average  composition  of  the 
Stassfurth  deposits  is : 

Per  cent.      Compoeition  of 

CamalliteCKClMgCU+eHjO ^- ^  ^«rl*""^°^ 

Rock  salt  (NaCl) 21.    "^"*^ 

Kisserite  (MgS04+HaO) 15. 

Anhydrite,  boracite,  tachyhydrite,  sand,  etc 5. 5 

After  the  extraction  of  the  chloride  of  potassium,  there 
remains  a  residue  of  about  30  per  cent.,  consisting  of: 

Percent      Besldiie    alter 

KCl                                .                                         .     •  5  25  extraction  of  the 

„  ^^ -----  • .       chloride  of  pota*- 

Nad 47.      slum. 

MgCl« 3.85 

Mg804 29.25 

H,0 6.50 

Inaolable 8.15 

The  residues  have  frequently  been  treated  in  winter  for  ueeofthereai- 
the  extraction  of  glauber  salt,  but,  as  this  is  scarcely  remu-  auu^ea  for^S^ 
nerative,  enormous  quantities  of  the  above  mixture  of  salts 
have  accumulated  about  the  various  works.  Pfeiflter  finds 
that  this  residue  serves  admirably,  in  its  actual  form,  as  a 
source  of  alkalies  for  common  glass.  Large  quantities  have 
already  been  intro<luced  into  bottle  glassworks.  In  view  of 
the  great  extent  of  these  residues,  it  will  be  found  profit- 
able to  introdace  at  Stassfurth,  in  addition,  the  new  French 
method  described  above  for  the  separation  of  anhydrous 
sulphate  of  sodium  fi-om  the  mother- waters. 

Potassium  carbonate  is  now  manufactured  extensively   Do  oonBiUicr's 
from  the  chloride  by  De  Gonsillier's  modification  of  the  am-  ^eammonupx^ 
monia  process,  viz,  the  use  of  a  very  dilute  alcohol — 35  per  *^®^ 
cent.    In  this  menstraum,  chloride  of  potassium,  chloride 
of  ammonium,  ammonia,  and  carbonic  acid  are  easily  sola- 
ble,  while  potassium  carbonate  is  almost  entirely  insoluble. 
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Potastium  salts.  An  appamtus,  working  continuously,  has  been  devised  by 
Siemens  appa-  W.  Siemens,  in  which  the  loss  of  alcohol  does  not  amount 

to  more  than  0.5  per  cent,  of  the  quantity  in  use  for  each 

100  kilos  of  potassium  carbonate. 

Soda  industry.  THE  SODA  INDUSTET. 

Noteworthy  advances  have  been  made  in  this  industry 
during  the  past  few  years.    As  the  most  important  fact  re- 
vealed by  the  Exposition  of  1878  in  this  connection,  should 
be  mentioned  the  complete  vindication  of  the  ability  of  the 
Success  of  tho  Hcw  ammouia-soda  process  to  compete  with  the  Leblanc 

soda  pro^^"^^  process,  after  having  satisfactorily  sustained  the  test  of  a 
twelve  years'  trial.  The  realization  of  this  result  has,  how- 
ever, called  forth  an  unusual  amount  of  Inventive  effort 
among  those  interested  iu  the  maintenance  of  the  old  sys- 
tem, especially  in  England,  which  has  resulted  iu  the  intro- 
duction of  numerous  new  mechanical  contrivances  for  nearly 
all  the  processes  hitherto  iu  vogue,  at  once  lessening  the 
past  dependence  on  skilled  labor,  effecting  more  thoroughly 
the  chemical  decompositions  underlying  the  process,  and 
causing  considerable  economy  in  material  and  fuel.  At  the 
HargreaTes.  samo  time  Hargrcavcs's  ingenious  process,  regarded  by  many 
as  the  method  of  the  future,  slowly  attains  a  degree  of  per- 
fection which  may  possibly  enable  it  shortly  to  prove  the 
most  impoi*tant  factor  in  finally  settling  the  status  of  the 
ammonia-soda  manufacture. 
England  the     England  Still  coutiuues  to  be  the  chief  source  of  alkali, 

attaiL  ^^^^^  ^  exporting  annually  about  275,000,000  kilos  to  supply  the 
wants  of  other  countries.  No  other  country  has  a«  yet 
raised  its  manufacture  to  a  quantity  equaling  its  consump- 
tion, not  even  France,  with  her  apparently  unlimited  sources 
of  raw  material  and  advantageous  position.  It  is  in  fact 
almost  impossible  for  any  country  to  successfully  compete 
Gombinationof  with  England  iu  this  branch,  on  account  of  the  rare  combi- 

wSTg^ritain!^*  uatiou  of  clrcumstanccs  favoiing  the  British  manufacturer. 
These  consist  chiefly  of  the  cheapness  of  all  raw  material 
required  and  the  enormous  interests  vested  in  the  manu- 
facture, which  admit  of  the  construction  of  expensive  appa- 
ratus, calculated  for  a  production  far  above  that  attempted 
iu  the  gi'cat  majority  of  Continental  works.  Thus,  three  of 
the  leading  establishments  ou  the  Tyne  manufacture  much 
more  than  the  whole  twenty  works  in  Germany.  It  is  to  be 
remarked,  however,  that  this  great  economical  triumph  is 
Product  less  uot  comblucd  with  a  corresponding  purity  of  product,  and 

Jf^Franoe^^iSSiii  this  rcspect  the  products  of  the  French  and  German 

Ocnnanv.  works  are  decidedly  superior.    This  overwhelming  supeii- 
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ority  of  England  is  chiefly  felt  in  Germany,  where,  despite  ^^»  industry. 
the  perfection  of  the  chemical  management,  one-thkd  of 
the  works  have  been  closed  dnring  the  past  few  years,  un- 
able to  contend  against  the  dif&culties  £a*cing  the  soda 
iDdnstry  in  that  empire. 

Extensive  deposits  of  natural  soda  have  been  discovered flop5itlBo£^tS^ 
in  Wyoming  Territory,  covering  nearly  1,000  acres.  It  is  ^p^  ^  ^y^ 
claimed  that  this  natural  salt  is  as  pure  as  that  occurring 
in  commerce,  and  that  the  amount  is  sufficient  to  supply 
the  world's  demands  for  centuries  to  come.  The  realization 
of  these  exi)ectations  may  possibly  change  entirely  the 
future  of  this  extensive  industry.  A  thorough  scientific 
investigation  of  these  deposits  is,  however,  still  wanting. 

The  amount  of  soda  obtained  from  kelp  is  now  compara- 
tively unimportant. 

The  manufacture  of  soda  from  the  cryolite  of  Greenland  is   sodafromoryo- 
now  confined  to  this  country,  with  the  exception  of  a  single 
establishment  in  Denmark.   About  8,000,000  kilos  of  cryolite 
are  required  annually  for  this  branch,  of  which  6,000,000 
come  to  America. 

Large  amounts  of  sulphate  of  sodium  are  now  obtained  Sniphato  of  ao- 
from  the  mother-liquors  remaining  after  the  extraction  of  mother-uanonat 
chloride  of  potassium  at  Stassfurth,  or  those  used  tor  the 
extraction  of  the  same  salt  in  the  French  salt  gardens  by 
the  methods  alluded  to  in  connection  with  potassium  salts, 
as  well  as  from  the  mother-liquors  after  the  extraction  of 
copper  from  ihe  residues  of  the  pyrites  burners. 

PEODUCTION  OP  SULPHATE  OF  SODA  AND  HY-    ,   Suiph^ot 

lOdA  ana  hrdro- 

DBOOHLOBIO  ACID.  oUorioaoid:' 

The  use  of  the  time-honored  ^^  decomposer"  and  ^^roaster" 
for  the  changing  of  chloride  of  sodium  into  sulphate  of 
soda,  ¥nth  the  attendant  laborious  manipulation,  is  now 
being  superseded  by  mbre  rationally  constructed  furnaces. 
Jones  &  Walsh  have  introduced,  within  the  past  four  years,  fnJjJSJ*''^'^ 
a  furnace  which  is  now  in  operation  in  over  a  dozen  English 
works,  although  scarcely  out  of  the  experimental  period. 
It  consists  of  a  large,  comparatively  shallow  iron  pan  (ex-  i>ewriptum. 
posed  to  a  free  coke  fire),  in  which  the  entire  reaction  takes 
place  and  is  completed.  An  axle  passes  down  through 
the  masonry  above  the  pan  to  its  center,  and  is  provided 
with  a  system  of  projecting  branches  terminating  in  iron 
shovels.  By  the  motion  of  the  axle,  the  entire  contents  of 
the  pan  are  thus  kept  in  constant  agitation.  A  slight 
change  of  the  disposition  effects  likewise  the  discharge  by 
the  same  agency.    A  hopper  above,  with  a  conical  valve, 

3  P  B ^VOL  1 
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Soda  industry,  permits  the  introduction  of  the  entire  charge  of  salt  at 
once.     About  four-fifths  of  the  n«'cessary  amount  of  sul- 
.  phuric  acid  is  admitted  by  two  or  more  leaden  tubes,  and 
Jones  &  Walsh  the  machinery  is  set  in  motion.    The  evolution  of  hydro- 
process,  chloric  acid  is  extremely  regular,  and  there  is  no  foaming 
cworide  of  so-  ovcF  of  tho  moss.     After  the  lapse  of  fifteen  minutes,  a 

dmm    into    snl-  -,  ,.,  ««../%  ,      .    *      .    -  ,, 

phate  of  soda.     Small  quantity  sufficient  for  a  test  is  taken  out,  and  then 

the  exact  amount  of  acid  required  to  complete  the  reaction 
or  decomposition  is  added.  By  this  method  a  saving  of  5 
per  cent,  in  sulphuric  acid  is  effected,  and  the  temperature 
necessary  for  the  reaction  is  reduced  from  G5(P  C.  to  425^ 
0.  The  chief  difficulty  not  yet  fairly  overcome  is  the 
decomposition  of  the  last  portions  of  the  salt.  The  cost  of 
thisfiimace,  with  the  necessary  steam-engine,  is  about$2,000. 
waUMffWeroi^  ^  recent  improvement  is  a  revolving  pan  with  a  station- 
poBhiKftipnace.  ary  Stirrer.  In  a  decomposing  furnace  invented  by  Cam- 
mack  &  Walker  the  process  is  continuous.  The  mixture  of 
salt  and  sulphuric  acid,  in  equivalent  proportions,  enters  at 
one  end  of  a  long,  horizontal,  cylindrical  rotating  furnace, 
and  issues  at  the  opposite  end  in  the  form  of  sulphate  of 
sodium.  The  technical  difficulties  attending  the  removal  of 
the  sulphate  have  not  yet  been  entirely  overcome. 

While  Jones  &  Walsh  aim  at  the  economical  transforma- 
tion of  salt  into  sulphate  of  sodium  by  means  of  sulphuric 
Hargreaves  d^acid,  Hargrcavcs  &  Eobinson,  by  a  method  patented  in 
phatoof  M^pnK  1870,  scek  to  iutroducc  a  much  more  radical  change,  viz,  to 
*'****  leave  out  the  major  part  of  the  processes  now  involved  in 

the  manufacture  of  sulphuric  acid,  and  effect  the  forma- 
Bringing  the  tiou  of  sulphato  by  bringing  the  gases  usually  conducted 
prodnced      by  from  the  pyritcs  bumcrs  to  the  lead  chambers  in  company 

Toasting  pyrites  *       w 

in  oontaot  with  with  stcam,  directly  into  contact  with  chloride  of  sodium  at 

chloride  of  sodl-,  '  j^  nru  ^' 

nm.  the  proper  temperature.    The  reaction — 

2Na01+SO8-fO+H2O=Na2SO4-f2H01— 

is,  theoretically,  a  vastly  simpler  process  than  that  at  present 
involving  the  construction  of  vitriol  chambers,  the  consump- 
tion of  nitrogen  compounds,  and  the  concentration  of  the 
resultant  sulphuric  acid,  as  well  as  the  incomplete  action 
of  the  best  decomposers.  So  far  as  the  chemistry  of  the 
reaction  is  concerned,  the  experimental  period  has  been  sat- 
isfactorily passed,  and  for  several  years  the  inventor's  efforts 
have  been  directed  to  the  solution  of  the  numerous  mechani- 
cal and  thermal  problems  on  which  the  success  of  a  new 
method  is  so  dependent. 
Process  is  in  At  prcscut  the  method  is  in  satisfactory  operation  in  at 
^^  least  three  large  English  establishments,  and  on  trial  by 
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several  others.    In  these  works,  where  all  the  chief  teohni-  ^^^  indwttry. 

cal  difficulties  have  been  overcome,  it  must  be  confessed 

that  success  demands  the  incessant  watchfulness  of  a  scien-  rSJ£S?1i^*Jo£ 

tilic  man,  and  has  been  attained  at  no  slight  financial  out-  ?«>««»- 

lay.    Thus,  Stevenson  &  Go.  have  expended  over  $150,000 

in  introducing  the  new  process  into  their  works. 

The  process,  as  now  in  operation,  is  essentially  as  follows :    Desctiptioa  of 
Both  rock  and  brine  salt  are  adapted  for  the  manufacture.    *  p'***'*** 
In  either  case  the  salt  is  finely  powdered,  then  slightly 
moistened,  and  pressed  into  small  uniform  cakes  about  1} 
inches  in  diameter,  which  are  thoroughly  dried.*     These 
dried  and  porous  cakes  are  next  introduced  into  cast-iron 
cylinders,  where  they  remain  without  flirther  manipulation 
until  changed  into  sulphate.    The  cylinders,  12  feet  high 
and  16  feet  in  diameter,  are  placed  together  in  a  battery  of 
never  less  than  eight,  and  in  one  instance  as  many  ns  twenty. 
Experience  shows  that  the  proportionate  consumption  of 
coal  decreases,  and  the  production  of  sulphate  in  the  cylin- 
ders increases,  in  a  certain  ratio  to  the  increase  in  the 
number  of  cylinders.    Each  cylinder  contains  about  40,000 
kilos  of  sulphate  at  the  end  of  the  reaction.     The  cylin- 
ders are  so  united  with  each  other  that  gas  entering  at  one 
end  of  the  battery  has  to  pass  through  the  entire  length 
of  each  cylinder  before  issuing  from  the  other  end  of  the 
series.    The  arrangement  of  a  battery  to  allow  of  the  in- 
dividual cylinders  being  heated  in  all  parts  equally,  and 
to  maintain  the  necessary  temperature — 450^  C,  a  dull-red 
heat — ^for  fourteen  to  twenty  days,  the  time  required  for  the 
completion  of  the  reaction,  without  overpassing  the  amount 
of  fuel  required  in  the  old  method,  has  presented  a  serious 
problem  for  solution.    Hargreaves  has  overcome  thediffl-^^^  ^S  tK 
calties  so  ably,  however,  that  by  taking  advantage  of  the  jj«5^i<»t»»®oreti. 
heO't  resulting  firom  the  reaction — of  itself  theoretically  more  saf^ient. 
than  sufficient  to  supply  all  the  heat  needed— and  of  the 
heat  of  the  gases  issuing  fh>m  the  pyrites  burners,  the  con- 
sumption of  coal  for  the  single  purpose  of  heating  the  cylin- 

•  An  excellent  salt  for  this  purpose  is  obtained  by  the  lately  intro-  .  I*oW»  method 

«     «      «     lortheconoontrt^ 
daced  method  of  Pohl  for  the  conceDtration  of  brines,  in  which  the  tion  of  brines. 

flame  18  condncted  between  the  bottom  of  one  evaporator  and  the  sur- 
face of-ihe  brine  in  a  second  evaporater  immediately  below  the  first. 
By  this  method  the  salt  in  the  lower  pan  is  separated  in  a  finely 
divided  state,  and,  although  blackened  somewhat  by  falling  soot,  serves 
admirably  for  the  new  sulphate  process.  The  reduction  of  the  amount 
of  fuel  necessary  to  evaporate  a  certain  quantity  to  one-third  of  the 
amount  hitherto  required,  as  effected  by  PohVs  new  method,  may  have 
an  important  bearing  on  the  future  of  Hargraves's  process,  as  Pohl's 
salt  is  badly  adapted  ibr  ordinary  sulphate  manufiEtcture  on  account  of 
ita  fine  state  of  division. 
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Soda  induHry.  ders  is  reduced  to  60  kilos,  or  6  per  cent.,  per  1,000  kilos 
of  dalphate  in  a  battery  of  twenty  cylinders.     To  this 
K5toSo?8^^«kS  ^™^^^*  must  be  added  ihat  necessary  for  the  preparation  of 
process.  the  chloridc  of  sodium  and  for  the  supply  of  steam,  bringing 

up  the  total  percentage  to  about  25  per  cent.,  or  250  kilos, 
^xpendifcuroof  of  coal  per  1,000  kilos  of  sulphate,  a  result  in  all  respects 
kUosBoiphato.    satisfactory  as  compared  with  the  amount  demanded  in  the 

formation  of  sulphate  by  the  usual  methods.    The  current 
of  sulphurous  anhydride,  air,  and  superheated  steam  enters 
the  cylinder  in  which  the  reaction  is  nearest  completion,  and 
passes  through  cylinders  containing  less  and  less  of  sul- 
phate, until  the  mixture  of  gases  and  vapor  is  deprived  of  all 
or  nearly  all  sulphurous  anhydride,  and  it  reaches  the  last 
cylinder,  containing  salt  scarcely  attacked,  and  issues  from 
thence  ladened  with  hydrochloric  acid  to  the  condensing 
towers.    About  2  per  cent,  of  the  sulphurous  acid  is  lost — 
a  quantity  scarcely  worthy  of  consideration  in  comparison 
with  the  losses  in  sulphuric  acid  manufacture  and  the  old 
Refliiing  the  sulphatc  fumacc.    When  the  contents  of  the  cylinder  nearest 
vex^J'uiedirec'  the  kilus  havc  becu  entirely  transformed  into  sulphate,  an 
Sdvapon  ******  ingenious  arrangement  i>ermits  the  switching  out  of  that 

cylinder  £rom  the  circuit,  to  be  emptied,  refilled  with  salt, 

and  replaced  in  the  circuit  as  the  last  member  of  the  series. 

»^?oent!puref  ^^®  sulphatc  produccd  contains  often  over  99  per  cent,  of 

sulphate  of  soda.  The  inventors  are  constantly  improving 
the  mechanical  arrangements  of  the  apparatus. 
Advances  of  The  chief  advantages  of  the  system,  as  now  perfected,  are, 
(1)  economy  resulting  from  the  suppression  of  the  manufact- 
ure of  sulphuric  acid ;  (2)  a  much  purer  sulphate  than  that 
hitherto  obtained;  (3)  independence  of  skilled  labor j  (4) 
absolute  freedom  firom  escapes  of  hydrochloric  acid  during 
the  operation ;  (5)  regular  development  and  easy  condensa- 
tion of  the  hydrochloric  acid ;  and  (G)  small  loss  of  sulphur. 
The  principal  objections  are  the  great  expense  of  the  plant, 
increase  of  unskiUed  manual  labor,  and  frequent  increase 
in  consumption  of  coal.  At  its  present  stage  of  develop- 
ment it  is  extremely  probable  that  after  a  few  years,  with 
their  attendant  capital  of  accumulated  experience,  this  new 
process  will  have  conquered  a  permanent  place  in  the  alkali 
industry. 
Jones  &  Walsh  Li  the  coudeusatiou  of  the  hydrochloric  acid  evolved  in 
S^sing  the  hy'  the  preparation  of  sulphate,  a  valuable  improvement  is  due 
^  '  to  Jones  &  Walsh,  the  inventors  of  the  furnace  described 
above.  It  consists  in  passing  the  hot  gases  issuing  from  the 
fhmace  through  a  stone  trough,  in  the  cover  of  which  are 
numerous  openings,  i>ermitting  the  entrance  of  jets  of  fine 
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spray.    The  effect  of  this  fine  shower-bath  on  the  passing  s*>^  :nd9utry. 
gases  is  to  cool  them  off  and  free  them  from  the  smoke  and 

>TooeM  for  con- 


particles  of  dust  convjyed  from  the  furnace.    The  exposun^   '"**•  ^  ^"'"^ 


to  the  bath  is  too  short  to  aUow  of  any  great  absorption  ot^^«^^^ 
hydrochloric  acid^  while  in  consequence  of  its  cooling  effect 
the  absorption  in  the  regular  coke  tower  is  very  perfect,  and 
the  acid  condensed  there  is  of  good  quality.  The  arrange- 
ment is  naturally  intended  chiefly  for  furnaces  where  the 
flame  comes  in  direct  contact  with  the  sulphate.  The  con- 
densation of  hydrocliloric  acid  in  French  works  is  usually 
accomplished  very  thoroughly  by  passing  the  gas  through 
a  system  of  Woulff's  bottles. 

Conversion  of  sulphate  into  crude  soda  by  Leblands  process*  ^^  BiiSSatTiSo 

cradotodabyLe- 

For  tliis  purpose  the  use  of  revolving  frunaces  is  becom-  ^lanCaprooeM. 
ing  more  general  in  England,  although  but  little  progress 
has  been  made  in  this  direction  on  the  Continent.    An  inno- 
vation of  great  importance  has  been  introduced  by  Mactear 
in  the  process,  which  secures  considerable  economy  in  the 
various  steps  of  the  operation.    Hitherto  it  has  been  usual 
to  add  to  100  parts  of  sulphate  90  to  125  parts  of  chalk,  in- 
stead of  the  70  parts  theoretically  required.    This  excess  has 
been  regarded  as  necessary  in  order  to  prevent  the  forma- 
tion of  hard  compact  masses  of  ball-soda,  practically  insolu- 
ble in  water,  whiish  ensues  when  merely  the  exact  equiva- 
lent of  chalk  is  added.    Msvctear  overcomes  this  difficulty  in   HaotMr>8  im- 
the  following  manner :  The  mixture  of  small  coal,  sulphate  lutou*?  Basse! 
of  sodium,  and  the  equivalent  quantity  of  limestone  is  in-S^^^^     ^°'' 
troduced  into  the  revolving  furnace  invented  by  Elliott  & 
Bussel  and  improved  by  j\{actear.    A  slow  motion  is  main- 
tained until  the  fusion  is  complete.    A  small  quantity  otj^^^  Jj 
caustic  lime,  in  coarsely  pulverized  fragments,  is   theu'^^*'^^ 
added,  and  the  furnace  is  kept  in  motion  until  the  lime  is 
evenly  distributed  throughout  tJie  mass,  and  is  then  rapidly 
emptied.    When  the  crude  soda  thus  prepared  is  brought 
in  contact  with  water,  the  mechanical  action  incident  to 
the  slaking  of  the  fragments  of  lime  renders  the  entire  mass 
so  porous  that  it«  lixiviation  is  accomplished  with  the  great- 
est ease.    The  advantages  result  ing  from  this  simple  change    AdTwiagei. 
are  manifold.    The  productive  capacity  of  the  furnaces  is 
increased  frt)m  50  to  70  per  cent.,  both  coal  and  time  being 
saved;  the  decomposition  of  the  sulphate  is  more  com- 
plete ;  the  weight  of  the  entire  mass  is  diminished  by  20  per 
cent.,  thereby  lessening  the  expense  of  handling  and  the 
amount  of  soda  retained  by  the  residues ;  there  is  a  gene- 
ral saving  of  from  $1.25  to  $2.50  on  the  ton  of  soda  ash  (48 
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Sodaindv^ff,  per  cent);  the  regeneratioii  of  sulphur  from  the  soda  waste 
is  furthered — ^the  success  of  this  process  dependiug  ou  the 
rovS^^rooeM?*'  ^^^^^^^^raticmof  thclyesand  the  absenceof  carbonateof  lime ; 
finally,  the  soda  obtained  is  as  pure  as  that  resulting  from  the 
ammonia  process — a  fact  of  the  first  importance  for  the  latter 
industry,  in  view  of  its  chief  claim,  viz,  the  production  of 
an  almost  pure  product.  The  only  objection  brought  against 
the  new  method  is  the  increased  percentage  of  sulphide  of 
sodium  in  the  crude  soda  obtained. 
nSaS^  ^  ^^^     -^^^  reaction  taking  place  in  the  decomposition  of  sulphate 

of  sodium  has  been  carefully  studied  by  Mactear.    He  finds 
that  the  following  reactions  occur  according  to  the  tempera^ 
ture: 
Above  a  red  heat — 

:^^asSO4+40=£^a^4-40o. 

At  a  dull  red  heat— «20O-.700o  O.— 
3NaaSO4+60=Na»0O3+Iifa8S,+]Cira,S+40O,+0O. 

Fonnntion     The  formation  of  considerable  quantities  of  sulpho-cyanide 

^dfo^^^i^Z^dl  ^nd  ferro-cyanide  of  sodium  in  the  soda  process  has  been 

of  sodium.         observed.    Works  producing  daily  15,000  kilos  of  crude  soda 

would  produce  annually  about  6,500  kilos  of  ferro-cyanide 

and  3,250  kilos  of  sulpho-cyanide  of  sodium. 

x^-eoenoeof  oy.     The  presence  of  cyanides  in  crude  soda  has  often  bi^en  re- 

•odium.  marked.   Pechiney  has  introduced  a  method  to  prevent  their 

formation,  which  consists  simply  in  the  addition,  at  the  end 

of  the  usual  decomposition,  of  a  small  additional  quantity 

of  sulphate  of  sodium  sufficient  to  oxidize  the  cyanides  pre^- 

Query:  as  to  cut.    Ohemlsts  are  not  yet  united  on  the  source  of  the  nitro- 

^t^^""'"^  gen  or  the  relation  to  which  the  cy:mides  owe  their  forma- 

tion. 

^^Ba^ayes  A     Hargrcavcs  &  Bobinson  propose  a  fusion  of  the  sulphate 

ooM.  with  coal  and  oxide  of  iron  (or  manganese  or  zinc)  in  large 

crucibles  with  perforated  bottoms.    The  crude  soda  flows 

out  through  the  openings,  and  the  residual  sulphides  are 

oxidized  by  exposure  to  moist  air.  This  process,  first  pointed 

out  as  early  as  1775  by  Malherbe,  unsuccessfully  tried  by 

Alban,  was  thought  to  be  perfected  in  1854  by  E.  Eopp  and 

Stromeyer,  who  fused  the  materials  in  the  usual  soda  fur- 

^!f^  **'  **>«nace,  where  the  conversion  takes  place  as  follows  : 

2Fe803+3NaaS04+16C=Fe4Na«S3-fl4CO-f2C08. 

This  crude  mass  is  exposed  to  air,  water,  and  carbonic 
acid,  which  convert  the  sulphnret  of  sodium  and  iron  into 
carbonate  of  sodium  and  a  double  sulphide  still  containing 
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sodiom,  which,  by  roastmg,  is  converted  into  oxide  of  iron,  ^^»*»  wduttry. 
sulphate  of  sodium,  and  sulphurous  anhydride : 

Fe4Na«Sj+2O-h20O2=2Na*CO3+Fe4Na«S3  5  eo^SS^iTV 

Fe4Na283+ 140  =:2Fe203+Na2804+ 28O2.  ^•*- 

This  method  was  abandoned  after  it  was  found  to  be  unable   unaMe  to  oom. 

peto     with    jjt- 

to  successfully  compete  with  Leblanc's  process.    This  proc-  bianc's  procew. 
ess,  so  admirable  from  a  theoretical  point  ol'  view,  is  de- 
fective in  one  essential  respect,  which  is  that  it  entails  a    Defeota. 
considerable  loss  of  sulphur,  which  escapes  in  the  course  of 
ttie  operation  in  the  form  of  sulphureted  hydrogen. 

The  evaporation  of  the  soda  lye  is  usually  effected  m^^^^^^-' 
England  by  passing  over  it  the  flame  from  the  crude  soda   in  England. 
furnace.    In  Germany  it  is  not  customary  to  utilize  the 
flame  in  this  way,  on  account  of  the  deposition  of  impuri- 
ties in  the  soda.    In  France  and  Germany  it  is  now  nsual  g^j^^^  ^^ 
to  accomplish  the  crystallization  in  comparatively  small  res- 
ervoirs— a  decided  saving  in  time  having  been  found  to  re- 
sult from  their  use. 

Thelen  has  introduced  for  the  purpose  of  evaporation  a  Th«ien'i  plan, 
series  of  pans  consisting  of  long  halfc^  linders.  By  the  con- 
tinuous movement  of  an  axle — corresponding  to  the  axis  of 
the  cylinder — to  which  inclined  rakes  are  attached,  the 
salt  gathering  on  the  bottom  during  the  evaporation  is 
gradually  pushed  toward  one  end,  where  a  shovel,  continu- 
ously working  in  a  circle,  accomplishes  its  removal  from  the 
pan. 

For  the  process  of  calcination  Mactear  has  introduced  a   Maotear's   n- 

■^  Yolyingcalolnlng 

revolving  furnace  which  dispenses  with  the  exhausting  man-  tamace, 
ual  labor  hitherto  necessary  for  this  operation.  It  calcines 
weekly  100,000  kilos  of  soda,  an  amount  heretofore  de- 
I>endent  on  the  work  of  twelve  skilled  operatives.  Its  use 
is  said  to  result  in  a  saving  of  60  per  cent,  iu  labor  and  30 
per  cent,  in  fuel  as  compared  with  the  old  fixed  furnace. 

Eegeneratian  of  ^id'ghur  from  soda  waste,  ^^  SSSSrlSm 

soda  waste. 

The  method  for  regenerating  the  sulphur  contained  in  the 
residues  from  the  lixiviation  of  ball- soda  are  now  so  perfect, 
and  are  being  so  widely  extended,  that  they  afford  one  of 
the  most  striking  examples  in  modern  technical  chemistry 
of  the  utilization  of  a  waste  product  loading  the  air  with 
noxious  gases  and  long  considered  as  worthless. 

With  the  present  perfection  of  the  processes,  the  greater   Nearly  perfeot 
part  of  the  sulphur  in  the  pyrites  used  in  the  manufacture  Sfa^^i^  a  pLre 
of  add  for  the  alkali  industry  finally  enters  commerce  in  a  **"*' 
pure  form,  after  having  passed  from  the  form  of  sulpliide  of 
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Sodaindiutry.  iron  successively  througli  those  of  sulphurous  anhydride, 
f  ^^^h^^'from  8iilpliiiric  acid,  sulphate  of  sodium,  sulphide  of  calcium,  and 
■odawMte.        polysulphides  or  hyposulphite  of  calcium. 

The  following  methods  of  regeneration  are  now  in  vogue: 

Mond'ametliod.  Mof^S  method. 

The  residues  are  oxidized  by  the  passage  of  a  current  of 
air  through  the  mass.  When  the  oxidation  is  so  far  ad- 
vanced that  the  lyes  contain  1  molecule  of  hyposulphite  to 
2  molecules  of  sulphide,  the  sulphur  is  precipitated  in  open 
vats  by  the  addition  of  hydrochloric  acid — 

20aS+0aS2O3+6H01=r30aCl2+4S+3HaO. 

metholf'^"'''  8chaffinef^s  method. 

Beflcription  of  The  air  is  allowed  to  act  for  several  weeks  upon  the  soda 
P~®*^  waste  piled  in  heaps,  where  a  gradual  heating  of  the  mass 
takes  place,  with  the  production  of  polysulphurets,  and  fin- 
ally hyposulphite.  The  material  is  then  lixiviated  and  the 
residues  again  exposed  to  the  oxidizing  action  of  the  atmos- 
phere 'y  another  lixiviation  followed  by  another  exposure,  and 
so  on  till  three  or  four  lixiviations  of  the  mass  have  been 
made,  practically  exhausts  it.  The  hot  chimney  gases  are 
passed  through  to  accelerate  the  conversion  of  the  sulphide 
of  calcium  into  hyposulphite,  as  they  have  been  found  to  be 
well  adapted  for  the  purpose,  and  to  reduce  the  duration  of 
the  operation  from  several  days  to  eight  or  ten  hours.  The 
liquors  from  the  different  lixiviations  are  all  collected  in  one 
receptacle,  and  hydrochloric  acid  added,  which  precipitates 
sulphur  and  expels  sulphurous  acid — 

OaSaOs-f  2H01= CaCl2+  SO2+  S-f  H3O. 

The  stilphurous  acid  is  caused  to  pass  through  solutions 
containing  polysulphides  of  calcium,  which  determines  a 
precipitation  of  a  part  of  their  sulphur,  leaving  the  remain- 
der in  the  state  of  hyposulphite,  ready  for  the  action  of  hy- 
drochloric acid — 

20aSx+3SOj|=2CaSj|O3+ 8x. 

HeiiSSSS^od  Schaffner  &  ffeUng^s  method. 

The  processes  adopted  and  used  for  the  past  fifteen  years 
for  the  recovery  of  the  sulphur  from  soda  waste  have  al- 
most universally  been  similar  to  those  described  above, 
and  based  on  the  sameimnciples.  They,  even  when  most 
successfully  practiced,  do  not  allow  of  more  than  50  to  60 
per  cent,  of  the  sulphur  contained  in  the  residues  to  be 
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recovered  as  sach,  whUe  the  lime  and  the  remainder  of  sodainduitry, 
the  sulphur  forms  a  secondary  waste  product  which  is  not     fiegn&eTstkm 
utilized  at  all,  and  to  get  rid  of  which  is  expensive.  aodL  w»£L 

The  method  of  Schaffher  &  Helbig  has  for  its  object  the  sohAiber  & 
recovery  of  practically  the  whole  of  the  sulphur  and  lime  *"* 
in.  the  residues,  both  in  a  state  especiaUy  adapted  for  reuse 
in  the  soda  industry.  It  is  based  principally  on  the  fa^t  (1) 
of  the  possibility  of  applying  the  chloride  of  magnesium  to 
the  decomposition  of  the  sulphide  of  calcium,  according  to 
the  following  equation : 

OaS+MgGU+HsOsOaCls+MgO+HsS  i  Tiieory  of  tte 

and  (2)  by  the  reaction  which  takes  place  when  sulphureted 
hydrogen  and  sulphurous  anhydride  in  proper  proportions 
come  together,  resulting  in  the  production  of  sulphur  and 
water — 

2H,S + 802=38+ 2H80. 

The  sulphurous  anhydride  taking  part  in  this  reaction  is 
derived  from  the  combustion  of  pyrites,  of  sulphur,  or  of  a      ' 
part  of  the  sulphureted  hydrogen  itself. 

The  inventors  state  that  they  have  discovered  a  means  of     ^  Pteyention 

of  th6  formftuon 

obviating  the  formation  of  pentathionic  acid  and  other  sul-  of  pentathionic 
phur  compounds  which  are  usually  produced  in  the  reaction 
between  sulphureted  hydrogen  and  sulphurous  anhydride, 
by  employing  solutions  of  chloride  of  calcium  or  chloride 
of  magnesium  as  solvents  for  the  gases. 

The  magnesia  resulting  from  the  reaction  of  chloride  of 
magnesium  on  sulphide  of  calcium  is  reconverted  into  chlo- 
ride by  means  of  chloride  of  calcium  and  carbon  dioxide — 

MgO+CaCl3+COs=MgCl|+0aCO3. 

The  following  advantages  are  claimed  for  this  method :  AdvMita^  at 
(I)  It  is  simple  and  safe;  (2)  the  treatment  of  residues  re-  ^^ 
quires  much  less  time  than  is  necessary  in  the  methods 
hitherto  employed  for  the  same  purpose;  (3)  the  expense 
for  labor  is  less  than  by  older  processes;  (4)  it  is  practicable 
to  recover  90  to  95  per  cent,  of  the  sulphur  contained  in  the 
waste,  against  oO  to  60  per  cent,  by  the  usual  means ;  (5)  70 
to  75  per  cent,  of  all  the  lime  contained  in  the  residues  are 
regenerated  in  a  proper  form  and  condition  to  be  used  again 
in  the  soda  fabrication;  and  (6)  the  total  expense  in  the 
regeneration  of  sulphur  is  much  less  than  formerly. 

The  reader  is  referred  to  the  accompanying  plates  for 
figures  and  explanations  of  the  apparatus  for  the  regenera- 
tion of  sulphur  and  of  carbonate  of  lime  by  this  new  process 
of  Schafifher  &  Helbig. 
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Sodalndmtry,  SCHAFFNEB  &  HELBIG'S  METHOD  FOB  THE  BEOENEBATION 

OF  SULPHUB. 
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EXPLANATION  OF  THE  PLATES. 

(The  same  letters  refer  to  the  same  parts.) 

Fmmels  condacting  the  "'waste*'  into  the  salphnreted  hydrogen  genonUnr. 

Vessel  for  the  disengagement  of  sulphnreted  njdrogen,  vi^  stirrer. 

Decomposer  for  the  reaction  of  salpnureted  hydrogen  and  sulphurous  aoid. 

Rec^tade  for  the  precipitated  sulphur,  with  stirior. 

Jiachine  for  moving  stirrers. 

Filter  for  the  sulphur. 

Clst«m  for  liquids  from  filter  F. 

Pump  for  raising  the  solutions  to  the  reservoir  for  tbe  decompoaer. 

Beaervoir  surmoimting  decomposer. 

Cylinder  provided  with  stirrer  for  fiising  the  sulphur. 

Machine  for  moving  stirrer. 

Settling  vessel  for  scoitas,  with  stirrer. 

Machine  for  moving  stirrers  in  B  and  O  and  the  screw  in  A. 

Beservoixs  for  magnesia  and  chloride  of  calcium,  with  stirrer. 

Pumps  for  raising  solutions  of  cloride  of  calcium  with  magnesia  into  the 

ators. 
Carbonators. 

Settling  vessels  for  carbonate  of  lime. 
Filters  ibr  the  carbonate  of  lime. 
Cistems  for  solutions  of  chloride  of  magnesium  coming  fkrom  the  osrbooate 

lime  settling  vessels. 
Cistern  for  the  wash- waters  from  chlorida  of  magneslnm. 
Pump  for  raising  solution  of  chloride  of  msgnesium  to  the  reservoim. 
Beservoirs  for  the  solution  of  chloride  of  magnesium. 
Bailwav  for  the  transport  of  "waste." 
Screw  for  chargix^  "waste"  through  the  ftinnels. 
Conducting  tubes  for  the  sulphnreted  hydrogen. 

Entrance  tubes  for  the  sulphnreted  hydrogen  into  the  deOjunpossBi. 

Bntrance  tubes  for  the  sulphurous  acid  into  the  deoomposers. 

lommunication  of  the  decomposers  with  the  chimney. 

?  Conduit  tubes  to  the  decomposers. 

Trough  for  drainii^  off  liquid  holding  precipitated  sulphur  to  the  setUing  Tfinla 

Communication  between  the  settling  vesseb. 

Bevel-wheels  to  stirrers  of  settling  vessels. 

Tubes  for  drawing  the  sulphur  on  the  filters. 

Overflow  pipe  of  tue  settling  vessels. 

Stop-cocks  lor  drawing  off  ffltered  liquors. 

Stop-cocks  for  drawing  of  contents  of  filters. 

Trough  for  liquid  running  from  settling  vessels. 

Trough  for  the  contents  of  the  sulphur  fflter. 

Tube  for  aspirator  or  pump  H. 

Tube  for  filling  tank  surmounting  deooniposers. 

I  Tubes  for  distributing  the  solution  from  J  to  the  deeomtpoMn. 

Bailroad  for  transport  oi  sulphur  to  melting  boiler. 
Trough  leading  off  water  from  the  sulphur-melting  boiler. 

I  Gearing  I  ^*'*'  sulphur-melting  boilers. 

Spout  for  orawing  off  mixed  liquors. 

Spout  for  drawing  off  settled  liquors. 

Discharge  for  residues. 

Railroad  for  transport  of  residues. 

Shaft  of  machine  moving  the  charging  screw  of  frumela. 

Shaft  of  machine  moving  stirrers  m  vessel  for  disengagement  of  HB. 

Shaft  of  machine  moving  stirrer  in  settling  vessels. 

Trough  for  distributing  the  lyes. 

Tube  of  aspirator. 

Tube  of  pump  for  raising  solutions  of  chloride  of  calcium  and  magnesia  to  oarbon 

ators. 
Carbonic  acid  conduit  from  blowing-engine. 

>  Conduit  tubes  for  carbonic  acid  leading  to  carbonators. 

Discharffepipe  for  carbonate  of  lime  to  settiing  yesseL 
Stop-cock  for  drawing  off  chloride  of  magnesium  solution. 
Tnmgh  for  chloride  of  magnesium  lessives. 
Stop-cook  for  drawinff  off  the  mud  from  filter. 
Bailroad  for  transport  of  carbonate  of  lime  to  the  driera. 
Pipes  for  the  strong  chloride  magnesium  lesslves. 
Pipes  for  wash- waters  of  tho  filters. 
Trough  for  tho  wash-waters. 

\  Pump  and  tubes  for  raising  solution  chloride  ™«>g"AT^^m  fhmi  cistern  to  W. 

cook  snd  tube  for  supplying  ohkirlde  magnesium  to  Teasel  B, 


Stop 


\ 
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Kramahaat^s  method.  ^oda  induttiv 

By  this  method  the  residues  are  exposed  to  the  action  of  ^^  5iS£S?Tt«n 
WHter  out  of  contact  with  air.  Under  these  conditions  "o^^***^ 
hydrate  of  lime  and  aulphydrate  of  calcium  are  formed. 
When  the  mass  is  then  exposed  to  the  action  of  the  air 
polysulphides  are  first  formed  and,  later,  hyposulphite.  The 
oxidation  is  interrupted  at  the  point  where  the  lyes  contain 
one  molecule  of  hyposulphite  and  one  molecule  of  solphy- 
drate  to  two  molecules  of  sulphite  of  calcium,  and  hydro- 
chloric acid  added  precipitating  the  sulphur  and  causing  no 
disengagement  of  sulphureted  hydrogen.  The  process  is 
continuous,  add  and  lye  entering  at  the  bottom  of  a  heated 
reseEToir  and  sulphur  flowing  off  at  the  upper  part. 

Mactem^s  method.  ^ 

In  this  method  use  is  made  of  the  liquor  obtained  by  the  xhxee  mfldu 
natural  drainage  of  accumulated  heaps  of  soda  waste.  There  ^'***^'°** 
are  three  modifications  of  it :  (1)  A  small  quantity  of  lime 
is  added  to  the  liquors  and  sulphurous  anhydride  is  intro- 
duced. The  solution  is  then  decomposed  by  hydrochloric 
acid  at  6(K>  G.  While  the  results  are  good,  it  is  difficult  to 
completely  avoid  the  evolution  of  sulphureted  hydrogen. 
(2)  The  modification  in  successful  operation  during  the  past 
five  years.  An  aqueous  solution  of  sulphurous  acid  ob- 
tained from  pyrites  of  regenerated  sulphur  is  added  to  the 
yellow  liquors,  and  the  mixture  is  decomposed  by  a  stream 
of  hydrochloric  acid  in  a  decomposing  vessel  at  62^  G.  A 
plant  costing  $10,000  gives  a  yield  of  thirty-five  tons  weekly 
at  a  cost  of  about  $15  per  ton.  (3)  For  very  weak  liquors, 
a  solution  of  bisulphite  of  lime  in  sulphurous  acid  is  used, 
the  bisulphite  being  obtained  from  old  waste  heaps.  Mac- 
tear  finds  it  moi-e  economical  to  use  hydrochloric  acid  for 
the  regeneration  of  sulphur  than  in  the  manufacture  of 
bleaching  powder.  The  sulphur  obtained  by  all  these 
methods  is  purified  by  Schaffner's  process,  viz,  fiision  in 
steam  at  a  pressure  of  1$  atmospheres.  As  executed  in 
SchaflEher's  own  works  this  process  gives  a  regenerated  sul- 
phur the  exact  appearance  of  the  Sicilian  article,  and  frees 
it  firom  the  odor  of  sulphureted  hyilrogen  hitherto  clinging 
persistently  to  sulphur  obtained  by  these  processes  of  re- 
generation. 

Proposes  to  fuse  soda  waste  with  silica  in  a  current  of  air, 
obtaining  thereby  sulphurous  and  sulphuric  acid,  together 
with  silicate  of  lime. 
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8oda  indut^y.  Ammonta-Mda. 

pt^^b?K*sS^     '^^  ability  of  this  now  method  of  soda  manuiactiire  to 
vay  of  Belgium,  maintain  its  existence  and  successfally  complete  with  the 

Leblanc  process  can  now  be  regarded  as  folly  settled,  al- 

thoagh  more  than  once  since  the  recognition  accorded  to 

the  unbounded  ingenuity  and  perseverance  of  E.  Solvay  at 

Belgium,  in  1873  doubts  have  been  expressed  by  leading 

authorities  as  to  its  eventual  success. 

wS^thSra^M     When  this  process  shall  have  become  possessed  of  a  fund 

TOpe^etiioL^  ^^  experience  as  ample  as  that  on  which  the  Leblanc  process 

biaao  pruceea.     jg  bascd,  it  is  Scarcely  to  be  supposed  that  the  latter  will  be 

able  longer  to  maintain  its  existence.  Still,  the  amount  of 
experience  underlyiug  the  new  method  is  by  no  means  small. 
The  oafeaie  of  The  simplicity  of  the  fundamental  reaction  in  the  manu- 
facture— ^the  decomposition  of  common  salt  in  solution  by 
bicarbonate  of  ammonium  into  insoluble  bicarbonate  of 
sodium  and  chloride  of  ammonium,  and  the  regeneration  of 
the  ammonia  by  treatment  with  lime — as  contrasted  with 
the  cycle  of  reactions  involved  in  Leblanc's  process,  attracted 
the  attention  of  technical  chemists  long  since.  As  early  as 
1838,  the  method  was  patented  in  England  by  Dyar,  Gray, 
Harrison,  and  Hemming.  The  great  expex^tations  then 
harbored  of  a  revolution  in  the  soda  manufacture  were. 
The  history  of  ho wcvor,  uot  realized.    Subsequently  extensive  experiments 

the  lAven tioiL 

were  made  by  Deacon  and  by  Gk>ssage  at  Widnes  (1855) ; 
by  Bowker  at  Leeds,  and  by  Muspratt  at  ]!^ewton,  in  En- 
gland; by  Schlosing  and  Eolland  at  Puteaux  (1855);  by 
TOrk  at  lifancy  (1854);  by  Nickles  at  Nancy  (1865);  by 
Margueritte  and  Lourdeval  at  Paris  (1866),  in  France ;  and 
^^^  Partial  roc  at  Vilvordc,  in  Belgium  (1842).     Failure  attended  all  of 

these  attempts  with  the  exception  of  that  of  Schlosing  and 

Bolland,  which  fh>m  other  circumstances,  however,  was 

short  lived,  chiefly  on  account  of  the  imperfections  of  the 

Difflciiitiee  en-  apparatus  uscd.    Simple  as  are  the  reactions  occurring  in 

eoonomioai  exe.  the  proccss,  their  ecouomical  execution,  and  especially  the 

orotinUy  aimpto  avoidaucc  of  a  loss  of  the  costly  reagent  ammonia,  demanded 

proceM  apparatus  of  a  very  much  more  complicated  character  and 

exact  adaptation  than  had  hitherto  been  requisite  in  soda 

manufacture.    It  is  in  the  invention  and  perfecting  of  the 

Erentuii  buo-  apparatus,  and  the  skillful  and  satisfEbctory  combination  of 

^'^*'       ^*^*    the  many  necessary  parts  of  it,  that  has  enabled  Solvay  to 

carry  to  a  successful  issue  this  simple  (in  theory)  process. 
The  experiments  commenced  by  him  in  1861,  and  carried  on 
with  no  slight  outlay  of  capital  before  attaining  a  degree  of 
perfection  insuring  financial  success,  are  still  being  ardently 
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prosecuted,  each  year  witnessing  some  new  change  or  ad-  sodaindu$try. 
dition,  most  of  which  aim  at  redacing  the  loss  of  ammonia  pi^^**"**""**^ 
to  a  minimom. 

As  now  established  in  the  works  of  Solvay,  the  decompo-  Proceasadopted 
sition  of  the  salt  in  solution  is  effected  in  vertical  cjlioders  works.^       ^^ 
12  to  18  meters  in  height,  into  which  the  carbonic  acid  is  ad- 
mitted under  a  pressure  of  1^  to  2  atmospheres.    The  great 
advantages  ofthis  process  are :  (1)  A  single  innoxious  by-prod-  th©  proS£P*  **' 
uct-'Chloride  of  calcium;  (2)  the  production  of  a  carbonate 
of  soda  almost  perfectly  pure.    With  regard  to  this  latter 
I)oint  it  seems  probable  that  the  combination  of  Hargreaves's 
sulphate  with  Mactear's  decomposition  process  is  destined 
to  yield  a  product  but  little  inferior  to  that  obtained  by  Sol- 
vay.    The  chief  objections  still  urged  against  the  process    oi^eotioiis: 
are :  (I)  The  loss  of  ammonia.    This  loss,  which  amounts  to   lom  of  ^««- 
scarcely  1  per  cent,  of  the  weight  of  soda  obtained,  is,  how-  '^ 
ever,  fairly  balanced  by  the  saving  in  another  nitrogenous 
substance— nitrate  of  sodium — of  which  such  enormous 
quantities  are  consumed  yearly  in  the  manufacture  of  sul- 
phuric acid  required  for  Leblanc's  process.    (2)  The  old^jjj^^  »J; 
process  possessed   certain  advantages    in   allowing  the ^j^^y^J*- ®*o» 
preparation  of  caustic  soda,  soda  crystals,  etc.,  from  sec-<"^d<»7pn>Suo^- 
ondary  products  of  but  slight  value.    In  this  connection 
Solvay  believes  that  there  is  no  demand  for  soda  crystals 
otherwise  than  on  account  of  the  purity  guaranteed  by  their 
appearance,  while  soap  manufocturers  and  others  who  use 
caustic  soda  require  it  almost  invariably  in  solution,  and  will 
recognize  that  it  is  more  economical  to  meet  their  wants  by 
rendering  solutions  of  carbonate  of  soda  caustic  in  their  own 
establishments,  thereby  saving  the  cost  of  preparing  the 
solid  caustic  soda  necessary  for  the  transport.    (3)  The  pro-  doesSySdSJ 
cess  does  not  yield  hydrochloric  acid,  the  important  by- *"»<*2^  »«*^ 
product  in  Leblanc's  process.    With  regard  to  this  objection, 
Solvay  is  sanguine  of  finally  perfecting  a  method  for  utiliz- 
ing the  chlorine  originally  present  in  the  salt  used.    The 
processes  already  patented  by  him  involve  the  preparation 
of  hydrochloric  acid  by  heating  chloride  of  calcium  with  bjJS^^I^pJ^ 
silicic  acid,  alumina,  or  simply  clay  in  the  presence  of  aque-  ®^^  aoid  and 
ous  vapor,  and  the  preparation  of  chlorine  by  substituting 
in  the  above  reactions  a  current  of  dry  air  for  aqueous  va- 
por.   The  residual  aluminates  or  silicates  can  be  used  for  the 
preparation  of  hypochlorites  by  exposure  to  chlorine  in  a 
moist  state,  yielding  at  the  same  time  precipitated  silica  orthewastie. 
alumina ;  or  can  replace  lime  and  magnesia  in  the  regenera- 
tion of  ammonia,  forming  the  resultant  chlorides,  likewise 
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Soda  industry.  giUca  and  alamina,  whicli  can  be  repeatedly  used  for  this 
purpose, 

oniA-aoda 
prooesa. 


Ammonia^da  Schmidt  gives  the  following  as  the  necessary  proportions 
for  the  production  of  1(K)  kilos  of  soda,  when  the  process 
is  carried  out  on  a  large  scale : 

KSloa. 

Proportions  ofSalt 180-200 

mat^als 
kiloaofsoda. 


for  100 


Coal 105 

Coke 23 

Sulphuric  acid 1 

Limestone 80 

Sulphate  of  ammoninm 5 

J^  of  manu-     The  cost  of  manu&ctoring   soda  in  Solvay^s  works  at 

Nancy  is  stated  on  good  authority  to  be  less  than  $20  per 
ton. 

mSSMdit  *  ■™'  The  ammonia-soda  is  now  in  constant  demand  by  ultra- 
marine works.  It  is  also  in  high  favor  with  glassmakers, 
the  dissatisfaction  with  the  voluminous  character  of  the 
product  first  placed  on  the  market  having  caused  the  manu- 
facturers to  produce  a  denser  or  more  compressed  article. 

tho^^^Ti^^K^     Solvay's  process  is  now  in  successful  operation  in  the 

^MiswoflccS in  mother   establishment   at    Oouillet,   Belgium,   producing 

France,  7,600,000  kilos  auuually;  in  the  French  branch  at  Verang6- 

ville-Dombasle,  which  turns  out  20,000,000  kilos  yearly, 
where  the  productive  capacity  is  shortly  to  be  doubled; 

Bneian4  and  in  the  two  English  establishments  of  Brunner,  Mond 

&  Co.,  at  North wich  and  Sandback,  yielding  13,000,000 
kilos  yearly ;  making  a  total  of  40,500,000  kilos  annually, 
corresponding  to  46,000,000    kilos  of  ordinary  soda.    In 

DeoBUffk.  Denmark  there  are  one  or  two  establishments  in  opera- 
tion or  starting.  Large  works  erected  at  Kasan,  in  Eussia, 
a  few  years  since,  have  foiled  from  lack  of  careful  manage- 
ment. The  same  may  be  said  of  several  attempts  made  in 
Gtermany.  There  are,  however,  in  the  latter  country  at  least 
two  establishments  now  producing  ammonia-soda,  although 
the  methods  are  not  exactly  the  same  as  that  used  by  Sol- 

oeM^^fsohiSS  ^^y*    ^^^  ^^  these,  at  Schalke,  in  Westphalia,  makes  use  of 
in  Wertphaiia;    a  proccss  uot  yct  described.    The  soda  there  produced  con- 
tains 98.9  per  cent,  of  carbonate  and  0.73  per  cent,  of  water — a 
purity  as  high  as  that  obtained  at  Couillet.    M.  Honigmann, 
and  at  Qreren-in  Grcvcnberg,  near  Aix-la-Chapelle,   has  manufactured 
^  ammonia-soda  successfully  for  several  years  by  a  method  of 

manipulation  somewhat  dififereat  from  that  employed  by 
Solvay.  All  operations  are  performed  in  cylindrical  ves- 
sels. A  battery  of  six,  3  to  4  meters  in  height  and  the  satne 
in  diameter,  furnish  a  daily  production  of  6,000  kilos.    The 
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material  used  for  oonstracting  the  cylinders  is  iron  plate  soda^nduarv. 
of  5  to  9  millimeters  in  thickness.    The  precipitation  of  the    Ammonia^ocu 
bicarbonate  is  effected  by  forcing  the  gases  from  a  lime  kiln  p"x»m- 
(32  x>er  cent,  of  carbonic  acid)  through  a  series  of  three  cyl- 
inders containing  the  solution  of  ammonia  and  salt,  forming 
together  a  column  of  liquid  6  to  7  meters  in  height.    The       Honignum'a 
heat  ansing  from  the  absorption  of  the  carbonic  acid  is  mod-  the  Soivay  pzo. 
erated  by  a  stream  of  cold  water,  so  that  the  temperature  ^'^^ 
does  not  rise  above  35^  G.    The  separation  of  the  bicarbon- 
ate from  the  solution  of  chloride  of  ammonium  is  effected  by 
powerful  centrifugal  filtering  apparatus,  and  regeneration 
of  the  ammonia  is  accomplished  by  means  of  the  waste 
steam  from  the  machine.    About  50,000  kilos  of  residual 
solution,  containing  12.5  per  cent,  of  chloride  of  ammonium 
and  2^  to  3  per  cent,  of  carbonate  of  ammonium,  are  treated 
with  slaked  lime  daily  in  these  works.    The  soda  obtained 
contains  97.S  to  98.5  per  cent,  of  carbonate,  the  remainder 
being  water  and  chloride  of  sodium.    A  boiler  of  180  square 
meters  surface  supplies  the  necessary  steam  power  to  effect 
movements— pumping,  agitation,  etc.— of  the  liquids,  etc.,  in- 
Tolved  in  a  daily  production  of  5,000  kilos  of  soda.    The 
number  of  operatives  necessary  to  turn  out  this  amount  of 
product  is  11  by  day  and  8  by  night,  while  a  contractor  with 
9  workmen  supplies  raw  material  and  removes  waste  prod- 
ucts.   Honigmann  consumes  the  following  quantities  of  raw 
materials  in  the  production  of  100  kilos  of  soda  on  the  scale 
above  described : 

KUos. 

Salt 250       C<msimipti<m 

rt  ^1  tMrr  of  materials  per 

i'Oal 145 100  kiloBof  soda 

Coke 35  produced. 

Limestone 100 

Chloride  of  ammonia  (lost) 5 

Solphmic  acid , ^ 

These  works  are  being  enlarged  to  a  daily  productive  ca- 
pacity of  30,000  kilos. 

The  carbonate  of  soda  obtained  by  the  ammonia  process    Parity  of  tba 
is  almost  absolutely  pure;  it  is  quite  firee  from  causticity JJ^dSoeA**'"*^ 
and  contains  a  mere  trace  of  iron.    The  freedom  of  the 
product  from  iron  and  fi*om  sulphate  of  sodium  renders  it 
especially  applicable  in  glass-making,  and  its  use  is  very   v^fori^aM- 
general  in  Belgium  and  England,  and  to  some  extent  in 
this  country  in  glass  works  making  the  finer  qualities  of 
crystal  and  plates.    Its  use  in  glass-houses  has  been  fol- 
lowed by  a  longer  wear  of  the  pots,  but  the  temperature  of 
tfaeftimace  has  to  be  kept  well  up. 
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sodainduHry.      The  foUowing  is  a  statement  of  the  percentage  coraposi- 
AxnmoniJModa,  tion  of  a  Commercial  product : 

oompositlon  of  a 

oMnmeroial  qnal.  Water 0.147        0.147 

icy. 

Silica  and  carbon 0.053 

Chlorideof  sodiom 0.064 

Oxide  of  iron 0.003 

Alumina 0.009 

Carbonate  of  caloiam 0.071 

Carbonate  of  magnesium 0.021        0.221 

Carbonate  of  sodium 99.632     99.632 


100.000 


OhanM  in     The  most  important  changes  in  the  ammonia-soda  pi'ocess 

the  antmoiiia-BO-  &  «?  m. 

da  piooesB.        are  the  following : 
Schmidt  com-     Schmidt.  in  Denmark,  combines  it  with  the  kelp  industry 

binee  it  with  the .  /  ,  '  -r^         xi.     i-  tj,   -      ji  xf 

kelp  industry,     in  a  Ycry  ingenious  manner.    From  the  hquors  obtained  by 

the  lixiviation  of  sea-wee4  ashes,  the  sulphuric  acid  is  pre- 
cipitated very  exactly  by  the  addition  of  the  residual  chlo- 
ride of  calcium  solution  from  the  ammonia-soda  process. 
Iodine  and  bromine  are  next  precipitated  by  addition  of 
nitrate  of  lead.    In  the  filtrate  the  chloride  of  potassium 
present  is  changed  into  nitrate  by  the  addition  of  nitrate  of 
sodium,  and  separated  by  crystallization.    The  residual  so- 
lution of  chloride  of  sodium  is  then  well  adapted  for  the 
ammonia-soda  process. 
vro^tatM^biu     ^^®  Grousilliers  has  devised  a  method  for  precipitating  the 
SSm"^  ^^bicarbonate  in  dilute  alcohol,  which,  by  means  of  apparatus 
f^^otOioL  invent^  by  W.  Siemens,  ha-s  been  introduced  into  Kun- 

heim's  works  at  Berlin.    It  is  based  on  the  fact  of  the  al- 
most total  insolubility  of  the  bicarbonates  of  soda  or  potash 
in  dilute  alcohol,  and  the  ready  solubility  of  the  alkaline 
chlorides,  of  ammonia,  and  of  carbonic  acid  in  the  same 
menstruum.    The  apparatus  consists  of  a  cylinder  contain- 
ing alcohol  of  35  per  cent.,  into  which  pulverized  salt,  am- 
monia, and  carbonic  acid  are  introduced.    The  reaction  is 
hastened  by  stirring,  and  on  completion  the  precipitated 
bicarbonate  is  filtered  off  and  the  residual  liquor  treated 
with  lime,  regenerating  the  alcohol  and  the  ammonia.    The 
losses  of  ammonia  and  alcohol  referred  to  the  weight  of  soda 
produced  are  respectively  0.01  per  cent,  and  0.1  per  cent. 
Advantage!.    ^^  advantages  claimed  for  the  process  are :  Smallness  of 
apparatus  in  comparison  with  its  productive  capacity,  a 
minimum  of  manual  labor,  and  the  slight  loss  of  ammonia 
involved. 
metlSd  onU^     Scherbascheff  proposes  to  avoid  the  formation  of  bicar- 
^^^«^j|^^^bonate  of  sodium  in  the  ammonia  process  by  taking  advan- 
ate  ofaodiiim.     tagc  of  the  tskct  that  whcn  carbonate  of  ammonium  is  added 
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to  a  solation  of  chloride  of  sodiam  at  60o  to  70©  C,  the  salt,  sod4i<^*duttry. 
represented  by  the  following  formula— !N'a2G03+H20 — ^is   AumumiaMda. 
precipitated. 

An  interesting  modification  of  the  principle  underlying 
this  process  has  been  introduced  by  O.  T.  Gerlach,  of  Ealk,    Gciiaciys  pro- 
Westphalia,  in  which  the  manufacture  of  soda  is  rendered  to  the  prodaction 

of  ammonia  saltB 

subsidiary  to  the  production  of  ammonia  salts  from  gas  iromgas  water. 
water.    It  is  essentially  as  follows : 

A  concentrated  solution  of  carbonate  of  ammonium  is 
prepared  by  the  distillation  of  gas  water,  and  in  this  an   Nature  of  tttt 
equal  quantity  of  salt  is  dissolved.    Carbonic  acid  is  intro-  ^"'^*^' 
dnced  until  the  precipitation  of  bicarbonate  of  soda  ceases, 
when  the  latter  is  separated  &om  the  liquid  by  means  of  a 
centrifugal  filter.    The  filtrate  contains  carbonate  of  ammo- 
nium, which  is  obtained  by  distillation,  and  chloride  of  am- 
monium and  undecomposed  chloride  of  sodium,  which  are 
easily  separated  firom  each  other  by  crystallization.    The 
chief  peculiarities  of  the  method  are  the  economical  utiliza-    PecnUaritieeof 
tion  of  gas  water,  including  the  carbonic  acid  there  present ;      ^^ 
the  absence  of  by-products,  as  well  as  of  the  loss  of  salt  un- 
avoidable in  the  Solvay  process,  and  the  loss  of  ammonia 
likewise  accompanying  the  same  process ;  the  saving  in  fuel 
effected  by  eliminating  from  the  process  the  constant  re- 
generation of  caustic  ammonia.    Gerlach  has  also  perfected 
methods  for  replacing  the  salt  hitherto  used  by  sodium  sul- 
phate or  nitrate,  obtaining  thereby,  with  sodium  carbonate, 
sodium,  sulphate,  or  nitrate. 

Ingenious  and  economical  as  this  method  is,  it  must  not   Limitations  of 
be  forgotten  that  the  supply  of  gas  water  is  limited.    From    *  ^^"**^*^ 
statistics  gathered  in  1873,  it  is  estimated  that  25,000,000,000 
kilos  of  coal  are  consumed  annually  in  gas  works.    As  100 
kilos  of  coal  yield  on  an  average  0.3  kilo  of  ammonia  among   Yield  of  ammo- 
theproductsof  distillation,  the  total  annual  yield  of  this  body  ^.^^ 
&om  this  source  is  75,000,000  kilos.    This  quantity,  accord- 
ing to  Gerlach's  method,  would  furnish  the  basis  for  a  pro- 
duction of  but  230,000,000  kilos  of  soda,  an  amount  but  lit- 
tle over  a  quarter  of  the  production  of  Great  Britain  alone.    caioniatioB  •# 
It  is  therefore  evident  that  while  this  method  may  be  advan-  trom  tbisaouoe. 
tageously  pursued  in  combination  with  the  production  of 
ammonium  salts,  the  limited  quantity  of  the  latter,  as  well 
as  the  impossibility  of  bringing  more  than  a  fraction  of  the 
gas  water  produced  within  reach  of  the  manufacture,  will 
prevent  it  firom  assuming  dimensions  of  any  great  magni- 
tude. 

A  similar  modification  of  the  ammonia-soda  manu&cture   o\f«^  &  wal- 
ls proposed  by  Glaus  &  Wallace,  in  which  the  preparation      *  p"**'®^ 
4  p  n ^VOL  4 
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sodainduMtry,  of  soda  plajs  a  subordiiiary  part  to  the  purification  of  illu- 

.  AmmoQiAM)da.  minating  gas.    Caustic  ammonia  in  a  series  of  scrubbers  is 

cimu  A  wai-  used  for  the  entire  purification  of  gas  issuing  from  the  re- 

lace's  piooees.     ^rt«.    The  arrangements  are  such  that  the  gas  on  entering 

the  series  encounters  first  a  solution  in  which  the  ammonia 
is  nearly  saturated  with  carbonic  acid,  and  passes  succes- 
sively through  weaker  and  weaker  solutions.  The  saturated 
solutions,  after  concentration,  are  mixed  with  salt  solutions, 
and  the  usual  decomposition  is  effected  with  the  carbonic 
acid  resulting  from  the  calcination  of  bicarbonate.  The 
Adnmtages.  regeneration  of  the  ammonia  is  accomplished  by  means  of 
lime  as  usual.  By  this  combination  of  the  two  processes  a 
single  operation  suffices  to  purify  the  gas,  utilize  its  car- 
bonic acid,  avoid  the  preparation  of  carbonate  of  ammonia 
otherwise  incident  to  the  manufacture  of  soda,  and  avoid 
the  production  of  any  useless  by-product  other  than  the  chlo- 
ride of  calcium,  which  is  harmless  and  easy  to  remove.  By 
this  method  it  is  estimated  that  the  coal  consumed  in  gas 
works  would  yield  4  per  cent,  of  its  weight  of  refined  soda. 
Possible  week- The  gas  works  of  London  would  yield  about  1,200,000  kilos 

ly  yield  in  soda  *f  7        i 

of  the  London  of  soda  wcckly.  Taking  the  above-mentioned  estimate  of 
the  entire  annual  consumption  of  coal  in  gas  works,  viz, 
25,000,000,000  kilos,  as  a  basis,  it  is  evident  that  the  intro- 
duction of  this  process  would  permit  the  production  in  con- 
nection with  gas  manufacture  of  1,000,000,000  kilos  of  pure 
soda  annually,  an  amount  equal  to  the  united  product  of 
France  and  England. 

The  technical  realization  of  this  plan  will  be  looked  for, 
therefore,  with  no  slight  degree  of  interest. 

New  Boda  NEWLY  PEOPOSED   METHODS  FOR  THE  MANF- 
"^'^•-  FACTURE  OF  SODA. 

In  no  branch  of  chemical  manufactiire  are  so  many  novel 
and  original  propositions  brought  forward  as  in  the  prepara- 
tion of  soda.  Apart  from  the  modifications  of  the  methods 
already  in  use,  noted  as  above,  the  following  projects  may 
be  briefly  mentioned: 

a  Vincent.  0.  Yiucent  proposes  to  prepare  sulphide  of  sodium  by  the 
action  of  sulphide  of  barium  on  sulphate  of  sodium,  and 
change  the  sulphide  to  carbonate  by  the  action  of  carbonic 
acid. 

B.  Davis.  E.  Davis  heats  together  Ehodoiido  phosphate,  sulphate 

of  soda,  and  coal.  The  solution  obtained  by  lixiviation 
yields,  on  treatment  with  lime  or  chalk,  caustic  soda  or  the 
carbonate,  and  tricalcium  phosphate,  which  is  utilized  for 
superphosphates. 
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B.  Bohlig  makes  use  of  oxalate  of  magnedam  as  the  means  ^^'^  indu^ry 
of  conversion,  the  reactions  being  as  follows :  Proposed  new 

methods. 

C,04Mg+HCl+NaCl=Ca04HNa+MgCl2;  ^  ^^«- 

C204HNa+MgC03=C,04Mg+  NaHCOaj 
2NaHCO3+MgO=Na9CO3+Mg0O3+HaO. 

The  chloride  of  magnesium  is  decomposed  by  heat  and 
steam  into  magnesia  and  hydrochloric  acid. 

Grttneberg  &  Forster  treat  a  mixture  of  chloride  of  so-  ^Qraneberg   * 
dium  and  alumina  with  superheated  steam  at  a  red  heat. 
Hydrochloric  acid  escapes  and  the  resulting  aluminate  of 
soda  is  decomposed  by  lime  or  chalk. 

Thirion  has  introduced  a  process  into  France  by  which  Thirion.  ^ 
the  sulphate  of  sodium  is  heated  with  coal  and  silicic  acid. 
The  products  are  silicate  of  sodium,  sulphur,  sulphurous 
anhydride,  and  carbon  monoxide.  The  siUcate  of  soda  can 
be  used  as  such  in  glass-making  or  changed  into  soda  or 
caustic  soda.  One-half  of  the  sulphur  is  regenerated,  and 
the  other  half,  in  the  form  of  sulphurous  acid,  utilized  for 
the  mann£EM}ture  of  hydrosulphites. 

W.  Weldon  melts  sulphate  of  sodium  and  pours  it  on  red-  ^-  weMon. 
hot  coal.  The  carbonic  oxide  set  free  is  used  for  making 
bicarbonate,  and  the  residual  sulphide  of  sodium  converted 
into  caustic  soda  by  the  action  of  steam,  or  into  bicarbon- 
ate by  passing  a  current  of  carbonic  oxide  through  the 
solution. 

Ca/USUc  80da.  Oaustlo  aoda 

^o  essential  changes  have  been  introduced  into  the  prep- 
aration of  caustic  soda,  either  in  the  extraction  from  the 
mother-liquors  of  soda  works  or  in  the  treatment  of  the 
carbonate  with  lime.  In  addition  to  the  proposed  methods 
above  noticed,  yielding  at  will  carbonate  of  sodium  or  caus- 
tic soda,  the  following  processes  have  been  advocated: 

Arrottdecomposes  a  mixture  of  salt  and  phosphate  of  iron 
by  steam,  condenses  the  hydrochloric  acid  evolved,  and  treats 
the  solution  of  phosphate  of  sodium  obtained  by  lixiviation 
with  lime. 

Lowig  heats  a  solution  of  aluminate  of  sodium  (or  pot^ 
ash)  with  slaked  lime,  obtaining  a  solution  of  caustic  alkali 
and  a  precipitate  of  aluminate  of  calcium,  fi*om  which  hy- 
drated  alumina  is  easily  prepared. 

MAI^UFACTXJRB  OF  OHLOEEKTB  AND  BLEACHING    ohMne    oiut 

POWDER.  i>i^in,p^. 

For  the  preparation  of  chlorine  no  new  methods  have 
been  introduced  daring  the  past  five  years.    Solvay's  pro 
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biSl^^pJS^.  P^s®^  P^"^  ^^^  *^  formation  of  chlorine  from  the  lesldaal 
chlorides  of  the  ammonia-soda  process  has  not  yet  been 
technically  realized.  The  two  methods  now  prevalent  are 
those  of  Weldon  and  of  Deacon  &  Hurter,  both  introduced 
about  ten  years  since. 
weidon'8  pro-     Wcldou's  proccss,  the  invention  of  which  was  incited  by 

^^^^'  the  rapid  diminution  in  the  natural  supply  of  peroxide  of 

manganese,  resembles  greatly  the  ammonia-soda  process, 
the  stock  of  peroxide  of  manganese  in  use  being  constantly 
regenerated,  and  chloride  of  calcium  remaining  as  a  waste 
product.  It  has  not  been  materially  modified  of  late,  and 
consists  simply  in  the  addition  of  lime  to  the  residual 
Descxiptioxi  of  Uquors  after  the  treatment  of  the  x>eroxide  with  hydrochloric 

the  process.       ^^^.^^  while  a  stroug  current  of  cold  air  is  blown  through  the 

liquid.  The  precipitated  hydrate  of  manganous  'oxi<le  is 
thus  oxidized  to  the  state  of  peroxide,  and  obtained  in  the 
form  of  calcium  manganite,  GaMnO),  or  of  a  combination 
of  1  molecule  of  lime  and  from  1  to  2  molecules  of  peroxide 
of  manganese,  in  which  forms  it  is  ready  for  repeated  treat- 
Tho  present  fii-  mcut  with  hydrochloric  acid.  TV  eldon's  process  is  now  u«ed 
▼on  ome      .    ^^^  ^^^  preparation  of  most  of  the  bleaching  powder  made 

in  England,  and  is  widely  used  on  the  Gontinent,  most  of 
the  French  works  having  introduced  it  within  three  or  four 
years. 
Difficulties  in  It  occasioually  happens  during  the  oxidation  of  the  man- 
of^the^  oxide  ^gauous  oxidc  that  instead  of  becoming  black  the  mixture 
msoffnoese.  ppescnts  a  browu  or  reddish  color,  owing  to  a  transforma- 
tion of  the  oxide  into  the  f  oxide — MU3O4 — ^instead  of  per- 
oxide, MnOs.  This  incomplete  oxidation  takes  place  when 
the  insufflation  of  air  is  too  rapid  and  strong  before  the 
addition  of  the  lime  or  when  too  little  of  that  substance  is 
employed,  ^o  convenient  remedy  has  as  yet  been  discov- 
ered for  this  accident,  and  it  is  found  to  be  necessary  to 
redissolve  the  whole  precipitate  in  hydrochloric  acid  and 
recommence  the  operation  of  regeneration.  Sometimes,  on 
account  of  insufficient  force  in  the  stream  of  air  from  the 
blowers,  or  when  a  great  excess  of  lime  has  been  added,  or 
the  temperature  of  the  manganese  residues  is  too  high,  the 
precipitate  consisting  of  the  oxide  of  manganese  and  lime 
becomes  thick,  accumulates  in  masses,  and  is  practically  im- 
pervious to  the  incoming  current  of  air.  When  this  acci- 
dent happens,  it  is  always  at  the  beginning  of  the  operation, 
and  the  current  of  air  finds  difficulty  in  making  its  way 
through  the  mass  and  finally  stops.  In  order  to  remedy  this 
inconvenience  an  additional  amount  of  cooled  manganese 
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liquors  mast  be  added  and  the  blowing  apparatus  urged  to  i,i^^^*LJS^ 
its  fullest  extent 
Jetzler's  improvement,  introduced  in  1874,  ib  in  satisfac-    Jetzier's  mcth. 

od  of  I'ogenerat- 

toiy  operation  in  a  Swiss  and  a  German  establishment.    Iting  tho  oxido  of 
consists  in  the  use  of  a  current  of  hot  air,  rendering  the™*"**^^* 
oxidation  more  complete,  and  giving  to  the  regenerated 
peroxide  a  powdery  character,  so  that  it  can  be  used  in  the 
old-style  apparatus  for  the  disengagement  of  chlorine.  j.^^  Dnniop 

The  two  precursors  of  Weldon's  process — the  methods  of  J^^^J<>*»a^ 
Dnniop  and  Hoftmann — although  still  in  operation,  have 
never  been  introduced  into  works  outside  of  those  in  which 
they  originated.  In  the  great  works  of  St.  BoUox,  where 
Dnnlop's  method  was  employed,  a  Weldon  apparatus  has 
been  erected  to  supply  a  portion  of  the  chlorine  needed. 

While  Weldon's  process  aims  at  a  constant  regeneration 
of  the  substance  necessary  to  effect  the  decomposition  of 
hydrochloric  aoid,  Deacon  &  Hurter  seek  to  replace  thOuJ^^JJ^^a^^"* 
whole  cycle  of  chemical  oi)erations  involved  in  the  use  of 
peroxide  of  manganese,  and  its  subsequent  regeneration,  by 
simply  passing  a  mixture  of  air  and  hydrochloric  acid  gas 
ovOT  a  catalytic  substanre.  According  to  their  method,  the  t^^^S^  **' 
mixture  of  air  and  hydrochloric  acid  gas  issuing  from  the 
sulphate  furnaces  of  the  soda  works  is  conducted  through 
tabes  heated  to  about  400^  C,  and  filled  with  porous  bricks 
which  have  been  saturated  with  sulphate  of  copper.  The 
ensuing  decomposition  into  aqueous  vapor  and  chlorine  re- 
sults firom  the  well-known  property  of  copper  salts  to  yield 
up  oxygen  to  other  compounds  (while  renewing  their  supply 
from  the  air),  and  from  the  partial  decomposition  of  hydro- 
chloric acid  and  air  effected  by  contact  with  porous  sub- 
stances. This  prooess  is  theoretically  so  simple,  and  gives 
sach  satisfaetoTy  results  when  first  installed,  that  it  was 
regarded  as  destined  to  supersede  the  use  of  jieroxide  of 
manganese,  and  it  was  introduced  into  twelve  English  and  ce^ST^  ^ 
two  Oerman  works.  As  in  many  other  technical  innova-  JSSff®"^ 
tions,  it  was  soon  found  that  the  process  was  attended  with 
a  serious  impediment.  After  the  lapse  of  a  few  months,  the 
poroos  masses  lost  their  power  in  a  great  measure,  and  even 
entirely,  of  determining  the  dissociation  of  hydrochloric 
add,  and  considerable  losses  were  incurred  in  consequence 
of  interruption,  delays,  and  changes  due  to  this  unforeocen 
obstacle.  In  a  minority  of  the  works,  where  the  method 
bad  been  adopted  at  great  outlay  of  money  in  the  installa- 
tion of  the  apparatus  necessary  to  carry  out  the  process  on  ^^i^^ 
a  large  scale,  it  was  entirely  set  aside.  This  £a.ilure  to  meet 
the  expectations  based  on  the  otherwise  attendant  advan- 
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fr2^i!^ou^^  tages  of  the  method  led  to  a  careful  study  of  the  causes 

jj^^^jj^g^^  diminishing  or  arresting  the  catalytic  action  in  the  decom- 
terpiwew.       posei.    The  chief  cause  is  found  to  be  the  presence  of  sul- 
phuric acid  in  the  hydrochloric  acid  gas  issuing  &om  the 
sulphate  furnaces.    The  sulphates  formed  on  the  surfaces 

cauaes  of  the  of  the  bricks  Offer  a  mechanical  obstacle  to  the  action  of 
the  copper  salt,  and  the  sulphuric  acid  is  decomposed  by 
the  hot  sulphate  of  aluminum  into  water,  oxygen,  and  sul- 
phurous acid.  The  latter  is  oxidized  at  the  exi)ense  of  the 
free  chlorine,  and  gives  rise  to  a  continuous  series  of  reac- 
tions, which  contribute  materially  to  lessen  the  amount  of 
chlorine  evolved.  Antimony  and  arsenic  are  likewise  found 
to  gather  on  the  bricks  and  exert  a  deleterious  influence  on 
the  reaction. 
Attempta  to  Armed  with  the  results  of  these  investigations,  those  in- 
ties  cited:  tcrestcd  m  the  future  of  the  process  have  sought  to  over- 
come the  difftculties  mentioned,  as  in  the  analogous  case  of 
Winkler's  catalytic  reaction  for  the  manufacture  of  sul- 

in  Germany,  phuric  anhydride.  Hasenclever,  in  G^ermany,  seeks  to  effect 
the  most  complete  x>ossible  condensation  of  the  sulphuric 
acid  in  the  gases  prior  to  their  entrance  in  the  decomposer ; 

In  England,  while  iu  English  works  the  apparatus  is  arranged  with  two 
decomposers,  one  of  which  is  in  operation  while  the  other  is 
being  recharged,  thus  preventing  an  interruption  in  the  con- 
tinuity of  the  operation.    By  these  means  it  has  been  found 

Future  pzoba-  posslblc,  both  in  England  and  Germany,  to  bring  this  process 

e  socceaa.  ^  ^  point  of  cxactuess  and  regularity  insuring  its  technical 
success  in  the  fhture.  The  bleaching  i)Owder  obtained  by 
its  means  possesses  35  per  cent,  of  effective  chlorine. 

Supply  of  pe-     With  regard  to  the  supply  of  peroxide  of  manganese,  it 
ro^eo  """«*•  qJj^„2^  y^  mentioned  that  extensive  dei>osits  of  a  rich  ore 
have  been  found  recently  in  the  north  of  Spain  and  in  the 
island  of  Mycone,  near  Syra. 

Monogxaphaon     A  number  of  pax)ers  have  been  published  treating  of  the 
of bieaoiSSgpoT^  subject  of  the  composition  of  bleaching  x>owder,  without. 

deir 

however,  settling  the  still  vexed  question  of  its  chemical 
formula,  and  an  elaborate  and  minute  study  of  all  the  phases 
in  the  preparation  of  this  artidd,  touching  a  number  of  im- 
XK>rtant  physical  and  chemical  points,  has  been  contributed 
to  the  literature  of  the  subject  by  Hurter. 

Bromins.  BEOMIFE. 

inunenae  pro-     The  cnormous  quantities  of  bromine  produced  in  this 

United  statea.  ^couutry  havc  practically  suppressed  its  production  from 

kelp  and  from  the  mother-liquors  of  the  Stassfhrth  salines 

in  Europe ;  the  cheapness  of  the  American  product  hav- 
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ing  rendered  successful  competition  impossible.    The  daily     Bromine. 
production  of  this  substance  in  Ohio,  Pennsylvania,  and    united  states 
West  Virginia  is  put  down  lately  at  700  kilos.    For  expor-  LppraL^Euro. 
tation  and  ocean  transport  it  is  converted  into  bromide  S^keip,ok}.  ° 
of  iron,  ships  refusing  to  take  the  liquid  bromine  on  board. 
The  demand   for   bromine  has  greatly   increased   since   increa«ed  use 
the  discovery  of  cosines,  bromated  niter  derivatives,  etc.,  "*    *"*"* ' 
coloring  matter  from  resorcine,  and  phtalic  acid,  etc.    A 
number  of  propositions  have  lately  been  made  tx)  use  it  in 
the  extraction  or  metallurgy  of  gold,  mercury,  platinum, 
etc.,  in  chemical  analyses,  and  finally  as  an  oxidizing  agent 
in  the  preparation  of  phosphoric  and  arsenic  acids,  ferridcy- 
anide  and  permanganate  of  potassium.    H.  Hahn  obtains   h.  Hahn'apro. 
bromine,  when  present  in  but  small  quantities,  in  mother-  ^^^^ 
liquors  of  salt  works,  as  follows :  Chloride  of  silver  is  dis- 
solved in  the  liquor,  which  is  afterwards  diluted  with  four 
timeaits  weight  of  water,  letting  fall  a  precipitate  consisting 
of  chloride  and  bromide  of  silver,  which  is  used  repeatedly 
in  the  same  manner  until  it  is  sufficiently  rich  in  bromine, 
whicb  is  then  separated.    The  immence  production  of  bro-   Fan  in  price  to ' 
mine,  during  late  years,  has  caused  a  fall  in  its  price  from  of ^'  its^  ironner 
$7.60  to  30  cents  per  pound.  ''*^'^ 

IODINE.  Iodine, 

The  serious  if  not  fatal  blow  inflicted  on  the  European   Earopeaamiui- 
manofiictnre  of  bromine  by  the  rapid  development  of  itsiy  ^crippS^^y 
production  in  North  America  is  fully  equaled,  in  the  case  of  tit^.     ^'^'"^^ 
iodine,  by  the  enormous  exportation  of  this  substance  from 
Soutli  America,  where  it  forms  an  important  by-product  in 
the  nitrate  of  sodium  works.    Hitherto  the  manufacture  of 
iodine  was  confined  almost  entirely  to  Scotiand  and  France,      scotch    a^ 
where  it  is  obtained  from  kelp ;  the  former  country  yielding  tore  from  kdp. 
50,000  kilos  annually,  tiie  latter  40,000  kilos.    The  nitrate 
of  sodium  of  Peru  contains  about  0.16  per  cent,  of  iodine,     Proportion  of 
and  is  capable  of  affording  an  annual  yield  of  900,000  kilos.  ruTian  nitrate  of 
As  its  separation  from  the  mother  liquors  in  the  form  of     °™' 
iodine  of  copper  is  attended  with  no  great  difficulties,  the 
i^ppearance  of  the  Peruvian  product  in  the  European  mar- 
ket lowered  the  price  from  $20  to  $4  in  1876.    At  present    F&ntoone-flfUi 
the  imoe  is  somewhat  higher  in  consequence  of  a  temporary  ^^*"™**'  p**^- 
arrangement  between  the  Scotch,  French,  and  Peruvian 
manufiBkcturers.    There  is,  however,  but  littie  probability  that 
the  European  manufacture  can  long  maintain  its  existence, 
and  at  present  a  number  of  the  works  are  at  a  standstill  in 
France,  the  country  where  iodine  was  discovered  and  where    iodine  diMov- 
the  methods  of  its  extraction  have  been  so  carefully  elabo- 
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Iodine.       rated.    Despite  the  unpromising  prospects  for  the  kelp  in- 

Frenoh  at- dustry,  Strong  efforts  are  being  pat  forth  by  the  French 

triere  tiJr  poS^  manafactorers  to  perfect  their  processes  to  such  an  extent 

^^'  that  competition  can  successfnlly  be  attempted  with  the 

South  American  product.    These  efforts  are  in  two  direc- 
tions: First,  in  the  selection  of  the  aIg8B  used,  and,  secondly, 
in  the  process  of  extracting  the  iodine  coutaiued  in  the 
BeiatiYe  yield  plauts.   With  regard  to  the  choice  of  sea>  weed,  careful  analy- 
weeds.  ^  ^  *^  SBS  show  that  the  floating  red  varieties  of  Fnctis  contain  the 

largest  amount  of  iodine.    Thus,  per  ton  of  ash — 

Fuons.  Fucua  digitaliia  yieliJis 10-28  kilos  of  iodine. 

FuciM  aaccharinus  yields 8-18  kilos  of  iodine. 

Fueu8  huiborua  yields 6       kilos  of  iodine* 

Aigm.  On  the  contrary,  the  black  alg8B  growing  along  the  coast 

give  but  1  to  4.5  kilos  of  iodine.    The  quantity  of  iodine  in- 
creases also  with  the  slowness  of  the  growth,  and  the  more 

Norihem  sea-  northerly  the  region,  the  kelp  of  Scotland  being  richer  in 
poduottve  ™^of  iodine  than  that  of  France.  In  the  treatment  of  the  sea- 
weed more  care  is  taken  in  the  drying,  the  incineration,  etc 
Despite  its  manifold  advantages,  the  method  of  incinerating 
the  plants  iu  furnaces  has  not  yet  been  extensively  intro- 
duced, the  cost  of  fuel  and  transport  to  the  furnaces  gener- 
ally standing  in  the  way  of  its  practical  realization.    For  a 

Stanford's  pre  uumbcr  of  ycars  it  has  been  carried  on  by  Stanford,  of  Glas- 

*^^^  gow,  who  utilized  the  residual  coal  after  lixiviation  as  a  de- 

oudatt.  Pel-  odoiizcr.    Olaizat  and  Pellieux  and  Maz6-Launay,  in  France, 

Lacma^  havc  likcwisc  made  attempts  to  introduce  modifications  of 

the  method  of  dry  distillation,  which  are  still  in  operation  on 

Heriaad.  a  limited  scale.  Herland  extracts  the  salts  from  algaB  by  en- 
dosmose,  immersing  the  plants  in  lime-water.    By  this  proc- 

Sohmidt  ess  the  yield  of  iodine  is  increased  threefold.  Schmidt  ex- 
tracts the  iodine  &om  the  saline  solution  used  in  the  ammonia- 
soda  process,  by  precipitation  as  iodide  of  lead,  prior  t^  the 
separation  of  the  potassium  salts.  In  the  extraction  of  iodine 

Gftiioway.  from  kelp,  Galloway  proxK>ses  the  substitution  of  chlorine 
water  for  WoUaston's  method  of  treatment  with  sulphuric 
acid  and  peroxide  of  manganese.  In  a  sample  he  determines 
the  amount  of  chlorine  water  necessary  to  form  iodine-pen 
tachloride  with  the  iodine  present,  and  then  adds  sufficient 
to  simply  liberate  the  iodine.  After  its  removal,  sufficient 
chlorine  is  added  to  free  the  bromine  present. 

augmphoaphaUa.  SUPEBPHOSPHATES. 

In  the  manufacture  of  superphosphates  but  few  changes 

Kobinosoh.     are  to  be  noted.    Kohlrausch  removes  the  11  to  IG  per  cent. 

of  carbonate  of  calcium  from  spodium  prior  to  its  change 
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mto  saperphosphate  by  treatment  with  safflcient  hydro- ^i'«»*«v*«^*«* 
chloric  acid  to  expel  the  carbonic  anhydride  and  extraction   Kofaiiaasoh. 
of  the  chloride  of  calcium  with  a  small  quantity  of  water. 
J.  T.  Way  goes  still  farther,  and  accomplishes  the  entire   way. 
transformation  with  hydrochloric  acid,  washing  out  the 
chloride  of  calcium  with  just  a  sufficiency  of  water.     In 
Gratz  the  manafacture  of  superphosphate  is  joined  in  a   Gxais. 
very  practical  manner  with  the  preparation  of  fertilizing 
material  from  the  ordure  of  the  city.    An  apparatus  for  the 
continuous  manufacture  of  superphosphates  has  been  de- 
vised by  Thibault,  and  is  now  in  satis&ctory  operation  at   Thibaait. 
Paris  in  Michelet's  works,  producing  30,000  kilos  daily.    It 
consists  of  a  cast-iron  cylinder,  in  which  the  dried  phospho- 
rite and  sulphuric  acid  are  introduced.    A  movable  axle 
furnished  with  paddles  arranged  obliquely  maintains  not 
only  a  constant  mixture  of  the  mass,  but  also  a  gradual 
movement  towards  one  end  of  th^  cylinder,  where  the  liquid 
mass  is  conducted  into  brick  chambers,  lined  with  lead. 
The  acid  vapors  disengaged  are  conducted  through  a  coke 
scrubber  in  which  water  is  constantly  flowing,  where  like- 
wise a  small  amount  of  iodine  is  deposited. 

Various  studies  on  the  reaction  occurring  in  the  decompo-    stodies  on  the 
sition  of  tribasic  phosphate  of  calcium  have  been  recently  Mcnn.'^    ^ 
made.    Kolb  regards  the  reaction  as  consisting  in  (1)  a   Koib. 
rapid  decomposition  of  two-thirds  of  the  phosphate  into 
sulphate  of  calcium  and  free  phosphoric  acid,  and  (2)  a  slow  ^ 

decomposition  of  the  remaining  third  by  the  iree  phosphoric 
acid.    Armsby,  on  the  other  hand,  regards  the  reaction  as   Anniey. 
consisting  (1)  in  the  decomposition  of  one-half  of  the  phos- 
phate to  soluble  phosphate— 

0a3{PO4)»+2H,SO4«CaH4(PO4)»+2CaSO4, 

and  (2)  in  a  gradual  change  of  this  soluble  phosphate  in 
contact  with  the  remaining  half  of  the  triphosphate  into 
insoluble  dicalcium  phosphate.  Erlenmeyer  finds  that  the  Brtonmeyer. 
salt  OaH4(P04)*+H20  is  completely  soluble  in  700  parts  of 
water.  A  small  amount  of  water  is  sufficient,  however,  to 
decompose  it  into  free  phosphoric  acid  and  the  insoluble 
GaHP04-f  2H2O.  This  iSact  renders  the  extraction  of  phos- 
phoric acid  on  the  filter  advantageous  only  with  such  phos- 
phates as  contain  besides  phosphate  of  calcium  a  certain 
quantity  of  free  phosphoric  acid  sufficient  to  prevent  the 
second  reaction. 

ALUMIKA  PEBPAEATIONS.  AUmUma. 

Sulphate  of  aluminium  is  now  used  extensively  in  the     sviphate  of 
place  of  alum  in  the  manufacture  of  paper  and  for  dyeing**™**"^™' 
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Ahunina.  Turkey  red.  The  English  alam  cakes  used  so  extensively 
Alum  cakes.    *^  prepared  simply  by  the  action  of  sulphuric  acid  on 

china  clay,  under  a  pressure  of  two  or  three  atmospheres. 

A  French  company  has  introduced  a  method  for  preparing 
Sniphate  of  sulphate  of  alumiuium  from  the  slag  of  iron  furnaces,  by  de- 

aiiinuiiiiim  from  ^^^  /     ^ 

dag.  composing  the  latter  with  hydrochloric  acid  ami  precipi- 

tating hydrate  of  aluminium  from  the  solution  by  means  of 
carbonate  of  calcium. 
Animportantimprovementin  the  preparation  of  sulphateof 
Elimination  of  alumiuium,  aiming  at  the  elimination  of  the  sulphate  of  iron 

snlpliate  of  iron. 

SO  prejudicial  in  most  of  the  applications  of  this  article,  has . 
Hutter's  pro.  been  made  public  by  Alfred  Hutter,  of  Montpellier.  It  is 
based  on  the  fact  that  in  a  solution  of  sulphate  of  alumiuium 
containing  no  free  acid,  but  containing  ferric  sulphate,  the 
introduction  of  strips  of  metallic  zinc  causes  a  precipita- 
tion of  oxide  of  iron,  attended  with  the  formation  of  sulphate 
of  zinc.  The  sulphate  of  zinc  thus  introduced  serves  ad- 
mirably for  the  sizing  of  pax)er  and  could  be  used  in  large 
quantities  for  this  purpose  were  it  not  for  the  high  price. 
coin«<^on^The  composition  of  the  sulphate  before  and  after  its  treat- 
fore  and  after  mcut  with  metallic  zinc  is  as  follows : 

*«»*™«^*-                                                                                                                Be£Di«.  Affcer. 

AlaO, 15.40  80.86 

SOs 35.88  35.88 

FeaOa 0.95  0.04 

ZnO 0.50 

HaO 47.77  42.73 

It  will  be  noticed  that  this  reaction  has  also  the  effect  of 
increasing  the  proportion  of  the  crude  sulphate. 
Ldwiff.  The  Bros.  Lowig,  of  Dresden,  prepare  a  hydrate  of  alu- 

ainmiidmn.     ^  miuium  wcll  adapted  for  decolorizing  beet-root  juice  by  pre- 

cipitating  a  solution  of  aluminate  of  sodium  or  potassium 
with  hydrate  of  calcium,  filtering  from  the  solution  of  caus- 
^ro<i«^         tic  alkali  produced,  and  decomposing  the  precipitate  of  alu- 
minate of  calcium  by  sufQcient  hydrochloric  acid  to  unite 
with  the  lime  present. 
nSoQof  aSitiMof    ^'^^^  prepares  pure  salts  of  aluminium  from  a  hydrate 
ainrnJainm.        obtained  as  follows :  The  solution  of  the  crude  sulphate  of 

aluminium  is  treated  with  hydrate  of  calcium  and  carbonate 
of  calcium.  Carbonic  anhydride  escapes  and  hydrates  of 
iron  and  aluminium  are  precipitated.  The  latter  is  extracted 
with  solutions  of  caustic  soda  and  precipitated  for  the  al- 
kaline solution  by  means  of  the  carbonic  anhydride  liber- 
ated in  the  first  instance. 
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BOBAX  AND  BOBACIC  AOED.  ^-^fLT"  '^ 

rode  ocui. 

The  use  of  borax  is  constantly  increasiug,  its  value  as  an 
antiseptic  and  for  cleansing  purposes  being  more  and  more 
generally  recognized.    The  fumaroles  of  Tuscany,  although   T^ftmaoTOie* 
producing  annually  2,500,000  kilos  of  boracic  acid,  form  no  longer  the  chief 
longer  the  chief  source  of  this  article  and  its  derivatives. 
Among  the  most  important  new  sources  of  boric  compounds 
opened  up  within  a  few  years  are  the  extensive  deposits  in 
California  and  2^evada.    They  consist  chiefly  of  borates  of  DoMgitsof  Oai- 
sodium  and  calcium,  and  form  a  zone  in  the  volcanic  region  vadA. 
north  and  east  of  the  Sierra  Nevada.    The  annual  produc- 
tion has  already  amounted  to  2,400,000  kilos.    Extensive   Produotion. 
deposits  of  boro-natro-calcite  have  also  recently  been  dis- 
covered in  Chili.    Boric  acid  to  the  extent  of  about  140,000   cuil 
kilos  annually  is  obtained  from  the  boracite  in  the  Stass-   stMrfdrUi. 
furth  deposits.     The  chief  cause,  however,  of  the  recent 
notable  diminution  in  the  price  of  boric  compounds  is  due 
to  the  development  of  the  widespread  deposits  of  borate 
and  hydroborate  of  lime  in  Asia  Minor,  in  the  vicinity  of  abIamjimw. 
the  sea  of  Marmora  and  the  Black  Sea.    These  valuable 
sources  were  first  recognized  by  C.  Desmazures,  who  by  their   c.  nesmasaree. 
means  was  enabled  in  1869  to  introduce  into  France  the  in- 
dustry of  borax  manu£ia>cture.    The  mines  of  Sussurbi  have   Mhiea  of  Sna- 
lately  passed  into  the*  hands  of  Tennant,  of  the  St.  BoUox  ^^     *" 


Works,  Scotland;  those  at  Panderma,  which  are  capable  of 
an  annual  production  of  5,000,000  kilos,  are  being  worked 
by  a  Constantinople  firm,  and  the  mineral — ^2CaO,3B203+ 
3H2O — ^yields  41  per  cent,  of  boric  acid.  Boric  acid  is  also 
obtained  associated  with  chloride  of  ammonium  on  the  isl-   Maud  of  vni- 

oano. 

and  of  Vulcano,  north  of  Sicily.     In  the  crevices  of  the 
crater  of  the  volcano  there  is  a  constant  issue  of  vapors, 
consisting  of  steam,  sulphurous  acid,  and  sulphur,  which 
carry  with  them  a  certain  amount  of  boric  acid  and  chloride 
of  ammonium.     In  order  to  gather  the  latter  compounds 
the  fissures  are  covered  with  a  mixture  of  ashes  and  pumice 
stone,  in  which  the  sublimed  matter  is  condensed.    After 
four  or  five  days  it  contains  about  10  per  cent,  of  boric  acid, 
which  is  obtained  by  lixiviation.    The  annual  production  is 
but  4,000  kilos,  and  the  process  is  interesting  principally 
from  the  fact  of  its  being  constantly  dependent  on  the  ac- 
tivity of  a  volcano.    Among  the  newer  theories  with  regard  -^tJ^gJ  ^^ 
to  the  cause  of  the  apx>earance  of  boric  acid  in  the  frimaroles  ^oix»- 
of  Tuscany  should  be  mentioned  that  of  Dieulafait,  who   nienia&it. 
attributes  its  source  to  deposits  of  borates  from  the  sea  in 
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roS^^iSSttnifc  ^°^^^  geological  periods,  firom  which  the  acid  is  released 

by  the  action  of  hydrochloric  acid  set  free  by  the  decompo- 
sition of  chloride  of  magnesinm  in  presence  of  aqueous 
BechL  vapor.    Bcchi,  on  the  contrary,  considers  the  boric  acid  to 

result  from  the  slow  decomposition  by  means  of  aqueous 
vapor  of  the  borates  so  abundant  in  Italian  serpentine. 

(VonidM.  CYANIDES. 

The  applications  of  cyanides  are  becoming  so  extended 
that  the  necessity  of  a  method  for  producing  them  cheaply 
in  a  state  of  comparative  purity  is  being  more  and  more 
EriemiM^er's  keenly  fclt.    ErlcDmeyer  proposes  the  following  process, 
prooeas.  which,  in  view  of  the  low  price  at  which  sodium  is  now  pro- 

duced in  France,  is  possibly  capable  of  technical  realiza- 
tion. It  consists  in  simply  melting  together  ferro-cyanide 
of  potassium  and  sodium,  when  the  decomposition  into 
metallic  iron  and  cyanides  occurs  at  once — 

K4FeCy6+2Na=4KCy + 2NaCy + Fe. 

The  mixture  of  i^he  melted  cyanides  is  poured  off  from 
the  iron,  which  falls  to  the  bottom  of  the  crucible,  and  yields 
a  salt  capable  of  use  for  most  purposes  where  cyanide  of 
potassium  is  required.    More  attention  is  being  given  to  the 
subject  of  the  sepai-ation  of  the  cyanogen  compounds  oc- 
curring among  the  waste  products  of  various  industries. 
Possible  yidd  Nietzki  fluds  that  soda  works  yielding  daily  twenty  tons  of 
^To^^^^anides  soda  could  fumish  annually  as  a  by-product  6,500  kilos  of  fer- 
by  soda  works,    jo-cyanidc  of  sodium  and  3,250  kilos  of  sulpho-cyanide  of 
TTtoisation  of  sodium.    The  utilization  of  sulpho-cyanide  of  ammonium 
l!^m^^f|^foiind  in  such  large  quantities  in  gas  purifiers,  and  espe- 
^®'^"'  dally  its  transformation  into  the  form  of  ferro-cyanide,  have 

been  the  inciting  cause  of  numerous  researches.  At  Berlin 
and  in  England  apparently  satisfactory  processes  for  bring- 
ing about  this  change  have  been  in  practical  operation  for 
over  a  year.  Among  the  various  methods  suggested  are 
the  following : 
DoagiM'  pro-  Douglas  obtains  ferro-cyanides  from  gas  lime  by  mixing 
*^^^'  in  it  5  per  cent  of  soda,  extracting  with  water,  evaporating 

to  dryness,  and  heating  the  residue  with  iron  filings. 
AiADder.  Alaudcr  heats  a  mixture  of  sulpho-cyanide  of  ammonium, 

coal,  potash,  and  iron  filings,  made  into  a  pasty  mass  by  tlic 
addition  of  oil,  to  a  dull  red,  aod  exhausts  with  water.  By 
this  means  40  to  60  x>er  cent,  of  the  sulpho-cyanide  present 
Valentine.  is  Changed  into  ferro-cyanide.  Valentine  heats  the  Lamiug 
mixture  from  the  gas  works  with  chalk  or  carbonate  of 
magnesium;  the  solution  obtained  by  lixiviating  the  mass 
contains  ferro-cyanide. 
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The  most  important  novelty  in  this  branch  of  indostry  is     oymMm. 
the  synthetic  preparation  of  ferro-cyanide  of  potassium  by 
Tchemiac's  process,  the  successftd  introduction  of  which       Xohemiao's 

pTOOttM  for  pro- 

"will  involve  a  complete  revolution  in  the  manufacture  of  andog  feno^i»- 
cyanogen  compounds.  But  few  chemical  industries  havednm.  ^ 
been  pursued  for  a  long  series  of  years  with  such  slight 
changes  in  the  essential  features  of  the  process  as  has  been 
the  case  with  the  manufacture  of  ferro-cyanide  of  potassium 
or  yeUow  prussiate.  The  primitive  method  of  fusing  to-  The  old  im- 
gether  potash,  iron,  and  refuse  animal  matter  rich  in  nitro- 
gen, with  its  attendant  enormous  losses  of  this  last  imi>ort- 
ant  constituent,  is  still  universal.  The  above-mentioned 
utilization  of  the  refuse  of  gas  works  is  still  too  limited  to 
be  brought  into  serious  consideration,  and  as  JBurope  and 
America  require  annually  about  60,000,000  kilos  of  prussi- 
ate, it  is  naturally  impossible  to  look  up<m  this  source  as  in 
any  way  sufficient  to  meet  the  demands  of  commerce.  Al- 
though no  practical  changes  have  been  made  in  the  manu- 
facture, it  has  not  been  for  lack  of  experimental  efforts. 
Kumberless  attempts  have  been  made  to  utilize  the  nitro- 
gen of  the  air  by  passing  it  over  carbon  and  either  potash 
or  baryta,  etc.  G^lis  in  1860  proposed  a  process  involving  oeUi'i 
the  formation  of  sulpho-cyanide  of  ammonium  by  the  action 
of  bisulphide  of  carbon  on  sulphide  of  ammonium,  the 
transformation  of  this  salt  into  the  corresponding  salt  of 
I>otassium,  and  the  change  of  the  latter  into  the  ferro-cyan- 
ide by  fusion  with  iron.  Notwithstanding  experiments  car- 
ried on  until  1870,  he  was  unable  to  bring  any  of  these 
three  principal  steps  in  the  process  to  the  degree  of  perfec- 
tion requisite  for  its  technical  application. 

Tchernlac,  while  retaining  the  general  features  of  Oelis's       TohemSM^ 
process,  has  introduced  new  methods  for  the  attainment  of  Soiibed. 
the  objects  sought  in  the  different  steps  of  it,  which  by 
their  simplicity  and  effectiveness  render  the  process  as  a 
whole  capable  of  practical  realization.    The  following  is 
the  succession  of  the  reactions :  For  the  manufiu^tnre  of  Saooenum   or 
sulpho-cyanide  of  ammonium  it  is  simply  necessary  to  heat  ^"^ 

together  in  strong  autoclaves  bisulphide  of  carbon  and 
watery  solution  of  ammonia.  Under  proper  conditions 
nearly  the  entire  amount  of  bisulphide  and  ammonia  is 
changed  into  salpho-carbonateof  ammonium,  which  decom- 
poses at  100^  0.  into  sulpho-cyanide  of  ammonium  and  snl- 
phreted  hydrogen — 

CS,+2NH3  =  CS  {  U^^  j  =NH4S0N+H,S. 

The  evolved  sulphureted  hydrogen  is  burned  and  the 
sulphurous  acid  resulting  from  its  combustion  is  utilized. 
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<V»««i«-      In  order  to  change  the  solpho-cyanido  of  ammoninm  into 

Tohoniiao*8  thc  Corresponding  potassium  salt,  lime  is  added  to  the  soln- 

Sn^g  f^ro^ya^  tion,  and  on  boiling  it  half  of  the  ammonia  originally  taken 

^xm.  ^    ^^'^^  is  regenerated  and  ready  for  use  again.    The  proper  amount 

of  sulphate  of  potassium  is  next  added  to  the  solution  of 
sulpho-cyanide  of  calcium,  and  the  solution  of  sulpho- cyan- 
ide of  potassium  filtered  from  the  precipitate  of  sulphate  of 
calcium— 

2NH4S0N+CaO=0a(S0N)8+2NH3+H,O ; 

Ca(8CN)2+K2S'04=2K8CN+CaS04. 

The  solution  is  evaporated  to  dryness  and  the  salt  entirely 
freed  from  water  by  fusion  to  200o  G.  In  this  condition  it  is 
intimately  mixed  with  finely  divided  iron  and  maintained 
for  a  short  time  at  a  dull  red  heat  in  closed  vessels.  On 
lixiviating  the  cold  mass  of  cyanide  and  sulphide  yielded 
by  this  fhsion,  the  formation  of  prussiate  takes  place  im- 
mediately— 

6KSON+6Fe=6KOF+«PeS=K28+5Pe8+K4Fe(CN)«. 

The  solution  of  prussiate  thus  obtained  contains  a  trace 
of  impurities  from  the  presence  of  a  double  sulphide  of  iron 
and  potassium,  which  is  removed  by  recrystallization.  The 
product  then  obtained  is  chemically  pure.  An  all  impor- 
tant factor  of  this  transformation  of  sulpho-cyanide  into  fer- 
Peo^itf  char-  ro-cyauidc  is  the  character  of  the  iron  used.  That  now  in 
ployed.  actual  use  in  M.  Tchemiac's  works  is  prepared  from  the  res- 

idues of  the  pyrites  burners  in  sulphuric  acid  manufacture. 
These  residues,  as  obtained  from  the  French  works  at  a 
price  but  little  above  that  of  transportation,  contain  about 
95  x)er  cent,  of  sesquioxide  of  iron  and  5  x)er  cent,  of  im- 
purities. They  are  mixed  with  an  excess  of  powdered  coal 
(ordinary  coal  slack  or  dust  answers  admirably)  and  heated 
in  a  specially  adapted  furnace  in  direct  contact  with  a  strong 
reducing  flame.  After  remaining  the  requisite  time  in  the 
fhrnace  the  oxide  of  iron  is  completely  reduced  to  the  me- 
tallic state — 

Fe203+3C =2Fe+ 30O, 

which  is  then  raked  into  air-tight  receptacles.  After  cool- 
ing it  presents  a  grayish  porous  mass,  crumbling  between 
the  fingers,  and  well  adapted  for  a  variety  of  purposes  in 
other  branches  of  chemical  industry.  In  the  works  near 
Paris,  where  this  process  is  being  introduced,  a  ton  of  iron 
a  day  is  prepared  by  the  above-mentioned  method  at  a  cost 
fEkr  below  that  of  cast  iron. 
In  the  preparation  of  red  prussiate  no  material  change  is 
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to  be  noted.    It  is  proposed  to  substitute  bromine  for  chlo-     oyanidst, 
line  in  the  oxidation  of  the  yellow  prassiate^  since  the  price  J^^  pnw8i»te 
of  bromine  has  fkUen  to  so  low  a  figure. 

ORGAKIC  ACIDS.  Orgmitcacidi. 

Oxalic  €Und*  Oxalloaoid. 

Thorn,  who  has  made  an  exhaustive  study  of  the  entire 
process  of  manufacturing  oxalic  acid  from  sawdust,  finds 
that  the  best  results  economically  are  obtained  by  using  50 
parts  of  pine  sawdust  to  40  parts  of  caustic  potash  and  60  Pw^ofman 
parts  of  caustic  soda,  in  the  form  of  a  solution  marking  42^ 
B.  The  mixture  should  be  heated  in  thin  layers  on  iron 
plates,  and  a  ftision  of  the  mass  avoided.  The  yield  of 
crystallized  oxalic  acid  is  80  per  cent,  of  the  weight  of  wood 
employed.  Cellulose  gives  better  results  than  lignose,  and 
bran  possesses  no  advantage  over  wood.  Bohlig  prepares 
oxalic  acid  by  adding  sawdust  to  a  boiling  solution  of 
caustic  potash  at  36^  B.  until  the  mass  becomes  thick.  It 
is  then  heated  for  several  hours,  when  it  presents  a  brown 
fluid,  to  which,  on  cooling,  enough  water  is  added  to  form 
a  solution  of  40^  B.  The  oxalate  of  potassium  which  crys- 
tallizes is  changed  into  oxalate  of  magnesium,  and  the  pure 
acid  is  precipitated  from  the  solution  by  the  addition  of 
hydrochloric  acid.  Asselin  has  introduced  a  new  method  A8aeiin*s  pro- 
at  St.  Denis,  in  which  he  makes  use  of  the  nitrates  in  the 
waste  pickle  of  brass  and  copper  works.  These  are  brought 
in  contact  with  cheap  starchy  substances.  By  the  action 
of  the  free  nitric  acid,  oxalic  acid  is  produced.  This  form- 
ing a  precipitate  of  oxalate  of  copper  with  the  nitrates 
present  liberates  new  quantities  of  nitric  acid  to  continue 
the  decomposition,  which  is  maintained  until  the  supply  of 
nitrates  is  exhausted.  The  oxalic  acid  is  separated  from 
the  precipitate  of  oxalate  of  copper  by  means  of  sulphuric 
acid.  This  process  affords  an  ingenious  application  of  waste 
product  otherwise  entirely  lost. 

The  use  of  oxalic  acid  in  beet-root  sugar  manufacture  is  TTaeinbeet'ioot 
becoming  greatly  extended.  Its  addition  is  found  to  insure  tSST  ™"*'**^ 
a  regular  ebullition  during  the  boiling  of  the  concentrated 
juice.  The  generally  received  belief  in  the  poisonous  prop-  as  to  the  poi- 
erties  of  oxalic  acid  has  recently  been  shown  by  a  German  ozaito  mul  ^ 
chemist  to  be  unfounded. 

Benzoic  acid,  Benaoioaold. 

This  acid  is  produced  at  present  entirely  from  naphthalene 
or  firom  the  urine  of  herbiverous  animals.    One  establish- 
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orgrnnUmddM.  ment  in  Eastem  Germany  uses  annnally  1,200,000  kaos  of 
the  latter  substance,  prodacin^  therefrom  3,500  kilos  of  ben- 

g^^,^^j^  zoic  acid.  Daubin  has  recently  commenced  to  utflize  the 
oeM.  quantities  of  liquid  obtained  from  the  slaughter-houses  of 

Pans,  which  are  calculated  to  yield  annually  4,500  kilos  of 
acid. .  In  order  to  avoid  the  unpleasant  features  of  this 
manufacture,  t.  e.^  the  evaporation  of  the  urine,  Putz  pre- 
cipitates directly  the  hippuric  acid  as  hippurate  of  iron 
with  perchloride  of  iron,  brings  the  acid  into  the  form  of 
the  calcium  salt  in  solution,  and  preci)>itates  it  with  hydro- 
chloric acid.    An  analogous  method  is  in  use  in  Paris. 

Tartexioaoid.  Tartaric  add. 

This  acid  is  now  obtained  in  large  quantities  from  the 
lees  of  wine,  which  after  pressing  contain  usually  10  per 
cent,  of  tartrates.  One  house  in  Vienna  manufactures  at 
present  200,000  kilos  of  tartaric  add  from  this  source  alone. 
Dietrich's  Dietrich  has  introduced  the  following  method  for  decom- 
posing  tartar  in  order  to  save  the  potash  present.  The 
tartar  is  mixed  with  chalk  and  heated  with  water  under 
pressure.  At  first  tartrate  of  calcium  and  bitartrate  of 
potassium  are  formed — 

2O4H5KO6+ CaOC03=:  04H4CaO6-f  C4H4KJO6+ CO2+  H,0. 

By  the  solution  of  the  carbonic  acid  under  pressure  the 
chalk  is  dissolved  and  acts  further  on  the  potash  salt — 

C4H4K2O6+0aCOs-fC0,+H,O=04H40aO6+2KHCO3. 

The  final  products  are  tartrate  of  calcium  and  bicarbon- 
ate of  potassium. 

piotmiitmiridi.  PLATINUM,  IRIDIUM,  PALLADIUM,  OSMIUM,  ETC. 

11m,    paUaditunj  / 

ofmiuin,  •<& 

The  magnificent  exhibits  of  platinum  and  allied  metals 
Johnson,  Mst  and  thclr  preparations  of  Johnson,  Matthey,  &  Co.,  on  ac- 
^^'  ^'  count  of  their  magnitude,  value,  beauty,  excellence  of  work- 
manship, and  their  exceptional  character  in  almost  every 
respect,  merit  more  than  a  passing  notice,  and  through  the 
kindness  of  Mr.  Sellon  the  following  short  account  is  repro- 
duced : 

Sellon's    BO-     *'  From  the  year  1800  to  1809  a  relative  of  a  present  member  of  this 
^^^^  eminent  firm  was  employed  in  working  npon  platinnm,  and  discovered 

the  process  for  its  treatment  and  consolidation,  which,  generally  known 
as  the  process  of  Wollaston,  has  been  nntil  late  years  in  use  here,  and 
np  to  the  present  time  on  the  Continent.  The  Brst  apparatus  of  plati- 
nam  ever  made  for  the  concentration  of  sulphuric  acid  was  completed 
in  December,  1809,  and  was  supplied  to  some  works  now  existing  near 
London.  The  weight  of  platinum  used  in  this  apparatus  was  423 
oonoes. 
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"The  work  of  this  firm  in  connection  with  this  valuable  metal  may   PlaUAum,iHdi- 
be  sommed  ap  under  the  following  heads :  wmium.  etc.  *^  ' 


(t^i 


The  metallurgy  of  plaHnum, 

''The  separation  and  production  in  a  state  of  purity  of  the  metals^    Separation  uu«l 
rare  and  precious,  of  which  the  native  ore  chiefly  consists,  viz:  Plati-^"^^jJ^     °* 
nam,  ruthenium,  iridium,  rhodium,  osmium,  palladium,  large  quanti- 
ties of  which  are  now  in  the  Exhibition  in  a  state  of  great  purity. 

** The  fusion  of  platinum  Plotiniun    fus- 

ing. 

by  the  process  first  commercially  brought  to  notice  by  MM.  H.  St. 
Claire  Deville  and  Debray  in  about  the  year  185G.  By  the  fusion  of 
pure  sponge  platinum  (instead  of  its  simple  compression,  uuiting  it  by 
forging  under  the  old  system,  which  must  always  produce  metal  more 
or  less  porous)  jt  is  obtained  in  a  condition  of  the  most  perfect  com- 
pactnese,  strength,  and  durability,  and  of  increased  resistance  to  the 
action  of  acid.  Messrs.  Johnson,  Matthey,  &  Co.  melt  ingots  of  pure 
platinum  of  any  weight  up  to  10,000  ounces. 

'*  The  patent  autogenous  soldering  Antogcneoua 

BoldeTing. 

(i.  e.,  the  joining  together  of  platinum  by  means  of  the  oxy-hydrogeu 
blowpipe).  Experiments  with  a  view  to  carry  out  this  process  were 
begnn  in  the  year  1859,  perfected  in  1830,  and  have  since  been  adopted 
by  the  firm  for  all  Important  work.  The  boilers,  etc.,  shown  in  the 
London  Exhibition  of  1809  wore  all  manufactured  upon  this  system. 
It  is  manifestly  more  advantageous  that  the  whole  should  be  equally 
durable  and  uniformly  of  the  same  metal,  without  the  inequalities  and 
disadvantages  which  do  and  must  always  exist  with  gold  soldering. 
The  absolute  perfection  and  superiority  of  this  process  over  the  old 
method  have  been  proved  by  the  results  of  working  more  than  160  con- 
centrating boilers,  of  capacities  varying  from  20  to  180  gallons.  By 
the  old  system  of  working  up  a  still  from  one  piece  of  metal  (which  is, 
however,  only  practicable  with  small  sizes),  that  portion  of  the  appa- 
ratus which  requires  most  strength,  the  bottom  and  lower  portion  of  the 
sides,  is  necessarily  the  thinnest,  whereas  the  dome  and  upper  x>ortion 
of  the  sides,  where  least  strength  is  necessary,  becomes  the  thickest, 
thus  causing  an  absolutely  useless  and  detrimental  waste  of  metal. 
When  under  the  old  system  gold-sbldered  joints  are  used  for  the  larger- 
sized  vessels,  this  evil  is  only  partially  mitigated,  whilst  the  use  of  gold 
involves  extra  and  useless  cost  to  the  purchaser,  who  has  to  pay  not 
only  for  the  gold  employed  at  three  times  the  price  of  platinum,  but 
also  for  the  double  thickness  of  that  metal  where  unnecessary,  without 
in  the  smallest  degree  adding  to  the  durability  or  efifective  working  of 
the  apparatus.  The  new  system  is  therefore  based  upon  true  metallur- 
gical principles,  the  whole  of  the  apparatus  being  rendered  more  per- 
fect and  solid  than  by  the  old  process,  with  the  great  advantage  of  the 
thickness  of  metal  being  regulated  in  accordance  with  the  relative 
wear  and  tear  of  its  various  parts. 

** Apparatus  for  the  concentratiou  of  sulphuric  acid,  Sulnhuric  *oid 

ooncoatrat«on  ap- 
"The  first  sulphuric  acid  still,  made  iu  1809,  was  of  a  deep  circular P^n^t^iu** 

form,  and  was  worked  under  a  leaden  chamber.    Since  that  time  boil- 
on  and  pans  of  different  sizes,  some  entirely  of  platinum  and  some 
with  leaden  hoods,  were  in  use  up  to  the  year  18r>5,  the  principle  being 
5  p  B ^VOL  4 
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PlaHnum,  iridi-  to  havo  a  deep  layer  of  acid,  digested  for  a  considerable  time.     In  1855 

0«tAium  etc^"^'  Messrs.  Joliuson,  Mattbey,  &,  Co.  sbowed  in  tbe  Paris  Exhibition  a  still 

Sulphuric  constrnoted  upon  tlio  principle  of  ninning  through  in  a  oontinnoos 

tion  sMll  of  John- stream  a  shallow  l.iyer  of  acid  of  about  two  inches  in  depth,  the  draw- 

mm,  Matthey,  &  -^^  ^^^  which  had  been  prepared  by  the  eminent  chemical  engineer, 

Mr.  W.  Petrle.  lu  1862  they  again  exhibited  an  improved  apparatus 
on  the  same  general  principles,  but  with  an  arrangement  by  which  tho 
acid  was  drawn  from  a  compartment  in  tho  center  of  the  vessel,  by  a 
tube  connected  through  its  side  with  the  cooler. 

^^  A  writer  in  a  German  contemporary  remarks  that  this  process  of 
working  with  corrugated  rectangular  boilers  has  had  astonishingly 
favorable  results.  The  flat  layer  of  acid  sliding  on  tho  corrugated  sur- 
face is  forced,  by  the  ofTcct  of  tho  partitions  placed  in  the  va.sc,  a  little 
above  the  bottom,  and  prodnces  thus  a  continual  concentration  at  66^ 
full,  which  in  the  other  known  systems  does  not  take  place  in  the  great 
Advontajrcft.  generality.  By  the  employment  of  this  new  system  there  is  said  to  bo 
an  economy  of  50  per  cent,  in  the  first  saving  of  platinum,  of  70  per 
cent,  in  the  cost  of  attendance  and  general  labor,  and  48  per  cent,  in 
the  consumption  of  fuel. 

AlloyH  of  plati-  ^^AUo}/9  of  plaiinam, 

nnra. 

"  The  preparation  of  the  alloys  of  platinum  of  this  firm,  especially 
of  the  alloy  with  10  per  cent,  of  iridium,  demand  special  attention. 
Plant**!    meter  They  show  a  meter  rule  in  course  of  construction  by  the  system  of 
^  *  planing '  instead  of  the  method  of  drawing  through  plates,  being  the 

most  effectual  for  obtaining  mathematical  exactness  of  shape  and  per- 
fect purity.    They  also  show  a  finished  kilo  standard  weight,  of  tbe 
density  21.52. 
Exhibits.  '*Exhibii8, 

Pyrometer,     "  The  following  also  deserve  attention :  Platinum  and  gold  pyrometer 
lunMratiiB,  ^!^^  *®  determine  the  degree  of  heat  in  the  boiler ;  laboratory  alembic  for 

making  hydrofluoric  acid,  etc. ;  platinum  assay  apparatus ;  square  and 
round  platinnm  serpentines  of  extraordinary  workmanship,  shown  as 
specimens  of  the  perfection  of  autogenous  soldering ;  platinnm  tube, 
500  centimeters  long,  in  one  piece,  diameter  0.05">'" ;  palladium  tube 
and  ingot;  pure  palladium  mass,  weight  65^  kilos,  value  280,000  frs. 
(£10,400),  extracted  from  about  125,000,000  Its.  worth  of  native  plati- 
Palladinm  disk  num  and  gold  ;  pure  palladium  disk,  in  which  nearly  a  thousand  times 
hySogengas.      '**  volume  of  hydrogen  gas  has  been  occluded.    This  volume  of  gas 

would  be  represented  by  a  column  nearly  2,000'"'"  high,  and  100°""  di- 
ameter.   Original  diameter  of  flat  disk  of  metal,  100"™ ;  diameter  after 
the  charging  of  gas,  102.5"",  the  concavity  having  been  caused  simply 
by  the  absorption  of  gas ;   original  thickness,  2™™ ;   thickness  after- 
wards, 2.2'"'";   original  weight,  187.3775  gmis. ;    weight  afterv^ards, 
FUtiniforous  18S.2S82  grms.    Platiniforous  metals,  viz :  Pure  ruthenium,  2  kilos  (com- 
™RniSienium.      pressed  ingot),  value  40,000  frs. ;  pure  rhodium,  2  Idlos  (melted  ingot) ; 
Khodinm.         pure  osmium,  2  kilos;  pui-e  iridium,  2  kilos  (melted);  pure  palladium. 
Iridium.  2  kilos  (forged  ingot) ;  fine  wires  of  the  metals  gold,  platinum,  palla- 

Palladiam.        dium,  silver,  copper,  iron,  aluminum,  each  of  0.001  in.  =  0.025™"*  diam- 
eter, 1  kilometer  of  each,  weighing  as  under : 

G-nnA. 

Gold 18. 6« 

Platinum    20.0 

Silver 10.  IC 

Copper a  50 
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Gnns.      Platinunt  and 

Pallftdium 15  5Qpto/»n</<riw»«irt- 

Alaminam 3.0 

Iron 7.0 

"The  rftie  metallic  preparations  exhibited  include  osmic  acid,  bypo- 
mthenic  acid,  platino-cyanlde  of  maguesiom,  sodio-chloride  of  rho- 
dium, etc." 

The  uses  of  platinam,  palladlam,  iridium,  osmiam,  are    t^bps  of  tkeae 
not  very  namerous  nor  of  great  extent,  bnt  some  are  of 
^eat  importance  and  all  are  of  interest. 

Platinam  in  a  state  of  extreme  division  resulting  from  As  a  mm  for 
the  reduction  of  the  bichloride  of  the  metal  is  employed 
with  good  effect  to  cover  various  objects  with  a  thin,,  inal- 
terable film,  which  serves  to  protect  them  from  the  influence 
of  atmospheric  agencies^  and  also  to  produce  certain  chro- 
matic effects. 

Several  methods  are  employed  for  coating  metallic  objects  5  j^^^^l^J  ^^ 
for  example,  by  rubbing  the  surface  of  the  article  to  bejeots. 
coated  with  a  mixture  of  a  chloro-platinate  and  tartar,  by 
boiling  the  objects  in  a  solution  of  platinum  salt,  or  by  means 
of  galvano-plasty. 

The  liquids  usually  employed  are  a  mixture  of  bichloride   Soiauons  «» 
of  platinum  and  of  common  salt  or  of  the  bichloride  with 
organic  matters,  and  the  solutions  are  rendered  slightly 
alkaline. 

The  process  suggested  by  Bcettger  seems  to  be  the  most   scDttgor^s  pn- 
practical  and  is  the  one  generally  employed.    It  consists  of  *'**** 
a  solution  of  bichloride  of  platinum  to  which  carbonate  of 
i90da  is  added  until  effervescence  ceases.    To  this  solution 
a  little  glucose  (starch  sugar)  is  added  ;  the  whole  is  then 
mixed  with  a  solution  of  chloride  of  sodiuai. 

Small  objects  may  be  platinized  by  placing  them  in  a  zinc   Platinising^. 
basket  and  plunging  them  for  a  few  moments  with  the  solu- 
tion heati'd  to  14fP  Fahr.,  and  afterwards  well  washed  and 
dried  in  saw-dust. 

The  following  mixture  forms  an  indelible  ink  for  writing   indelible    tak 

^^  -:«>»  i^K^i^  .  for  rHio  labels. 

on  zmc  labels : 

Chloride  of  platinum 10  grains. 

I  Gam  arable lOgrains. 

Pore  water 2  fluid  drams. 

On  writing  on  bright  zinc  surfaces  with  a  quiU  pen  this 
ink  produces  velvety  black  traces  which  are  as  enduring  as 
the  plate  itself.     Platinum  is  used  for  the  production  of 
certain  colors  in  the  decoration  of  porcelain,  faience^  and  fine   snamei  coioni 
«>arthenware.     For  this  purpose  a  solution  of  chloride  of  ^^'i*^"***^"* 
platinum  in  alcohol,  to  which  a  little  oil  of  lavender  is  after- 
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^tSlffelwsm^^^^^  added,  is  evenly  laid  on  the  porcelain  surface  by 
«'*  means  of  a  camel'sbair  pencil,  after  which  the  object  is  ex- 

posed to  the  furnace. 
^piAtinized  ves-     j^  jg  claimed  that  porcelain  and  glass  vessels  heavily 

coated  with  platinum  may  successfully  replace  for  many 
purposes  the  more  expensive  vessels  of  the  solid  metal. 

Platinized  mir-  This  metal  is  stated  to  be  extensively  used  for  the  back- 
ing  of  plate-glass  for  mirrors,  as  well  also  as  for  making 
single  image  mirrors,  which  is  done  by  depositing  the  plati- 
num on  the  front  surface  of  the  glass;  the  metal  goes  on 
with  a  brilliant  surface,  little  inferior  in  reflecting  power  or 
"whiteness"  to  silver. 

Ornamentation     Many  of  the  kuickkuacks  known  as  ^^ articles  de Paris^ 
Parisr  are  ornamented  with  this  metal,  such  as  buttons,  jewelry, 

etc. 

U8«  in  photog-  Inalterable  photographs  on  porcelain  are  made  by  treat- 
ing  the  silver  photograph  with  a  solution  of  bichloride  of 
platinum ;  the  chloride  of  silver  resulting  from  the  action  is 
carefully  washed  out,  and  the  image  is  transferred  to  the 
porcelain  surface,  where  it  is  fixed  by  fusing  the  metal  into 
the  enamel. 

AUoyBofpiati-  Many  alloys  of  platinum  with  other  metals  have  been 
made,  the  most  important  of  which  appears  to  be  that  con- 

piatino-iridimn.  sisting  of  90  parts  of  platinum  and  10  parts  of  iridium,  which 
possesses  properties  so  remarkable  that  it  has  been  adopted 
as  the  material  for  the  construction  of  the  standard  meter 
furnished  to  the  various  governments  by  the  French  Com- 
mission. This  alloy  is  very  hard,  elastic  i>s  steel,  and  quite 
inalterable  by  atmospheric  gases  or  vapors.    In  the  process 

£taion  metre,   of  makiug  the  ^tolon  metre  it  is  absolutely  necessary  to  ob- 
tain a  mass  of  the  alloy  of  uniform  density  and  perfect 
homogeneity;   for  this  purpose  the  metals  are  fused  by 
oxybj'droffen  mcaus  of  a  serics  of  oxyhydrogen  blow-pipes  nicely  fitted 
naco.  into  a  furnace  entirely  constructed  of  limestone.    A  hand- 

some model  of  this  furnace  with  the  compound  blow-pipes 
attached,  capable  of  fusing  at  one  heat  an  ingot  weighing 
500  lbs.,  is  exhibited  by  the  Commission  du  Metre. 

Uses  of  paiia-  Thc  associated  platinum  metals  have  found  limited  appli- 
cations in  the  arts.  Palladium  has  been  employed  in  the 
form  of  alloys  for  the  points  of  pencils,  lancets,  as  a  substi- 
tute for  gold  in  dental  plates,  and  especially  for  the  fabri- 
cation of  the  graduated  scales  of  physical  instruments, 
notably  those  used  for  astronomical  purposes.  This  metal 
is  well  adapted  for  this  purpose  on  account  of  its  inaltera- 
bility and  its  color,  which  is  very  similar  to  that  of  silver. 
Its  high  price,  however,  has  restricted  its  use  very  much. 


num. 


CHKMICAL   PROCESSES:    COMMISSIONER   JENKINS.  69 

The  carious  property  which  palladium  possesses  of  ab-  PcUadinm. 
sorbing  hydrogen  iu  large  quantity  wa:^  first  observed  and 
described  by  Graham,  and  excited  great  interest  among 
scientific  men  on  account  of  the  additional  proof  it  affords 
of  the  metallic  nature  of  that  gas.  Johnson,  Matthey,  &  Co.  Absorption  of 
exhibited  a  disk  of  the  metal  in  which  a  thousand  times  its 
volume  of  hydrogen  is  occluded.    (See  page  6Q.) 

Iridium  is  employed  in  porcelain  painting  for  producing  irsesofii-idiam. 
fine  blacks  and  grays,  its  sesquioxide  being  used  without  the 
slightest  inconvenience  with  other  vitreous  i)igments.    The 
metal  in  the  shape  of  wire  and  plate  is  used  for  the  elec- 
trodes of  galvanic  batteries. 

The  natural  alloy  of  osmium  and  iridium  has  long  been  Uses  of  mdu 
ased  for  pointing  metailic  pens  and  for  the  purpose  of  form- "  "°** 
ing  the  points  and  surfaces  of  suspension  of  marine  com- 
passes, for  which  it  is  peculiarly  adapted  on  account  of 
its  inalterability,  its  hardness,  its  freedom  from  elasticity, 
and  magnetic  qualities.  On  account  of  their  variety  and 
tiie  difficulties  attending  their  preparation,  rhodium  and 
ratheninm  have  not  been  applied  to  any  useful  purposes  in 
the  arts. 


AETIFICIAL  FLAVORING  EXTRACTS.  ArUMaijiupor. 

ing  extracts. 

All  exceedingly  novel  and  interesting  branch  of  manu- 
facture is  that  of  artificial  vaniUa,  introduced  within  four 
years  into  France  and  Germany.    Tlie  source  of  this  favor-    Soarce«  of  va. 
ite  flavoring  extract  has  hitherto  been  Mexico,  the  West  In-  ° 
dies.  South  America,  Java,  and  Mauritius,  where  the  pods 
of  the  vanilla  plant  are  carefully  dried  and  ])repared  for  ex- 
port.   The  best  sorts  of  vanilla  pods  occurring  in  commerce 
contain  usually  from  1.5  to  2.5  per  cent,  of  the  aromatic    Percentage  of 
principle  vanillin,  to  which  the  vanilla  owes  entirely  its  taste 
and  odor.    The  arunual  consumption  of  vanilla  is  about  6,000   consumption. 
kilos  in  the  United  States  and  30,000  kilos  in  France,  from 
which  figures  it  is  evident  that  but  a  few  thousand  kilos  of 
vanilla  would  be  required  to  satisfy  the  present  demand  for 
this  flavoring  matter.    The  manufacture  of  the  artificial   Artificial    Ta. 
vanillin,  as  conducted  at  present,  uses  as  raw  product  thefenn.  "^  *^ 
coniferin,  a  glucoside  occurring  in  the  cambial  secretion  of 
aU  coniferous  plants,  and  obtained  in  Germany  chiefly  from 
the  red  and  white  firs  found  abundantly  in  the  Black  Forest 
and  Tfauringia.    The  bark  is  stripped  from  the  trees  early 
ill  spring,  and,  by  means  of  fragments  of  glass  or  knives, 
the  sap  and  a  portion  of  the  soft  bast  are  scraped  off  and 
oollected  in  vessels.    On  account  of  its  readiness  to  undergo 
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vta^Sneu"^'  fermentation,  the  sap  is  filtered  at  once  from  the  bast,  boiled 

for  a  short  time,  and  then  iiltered  from  the  albuminous  mat- 
ter coagulated  by  the  heat.  The  filtrate  is  evaporated  to  a 
fifth  of  its  volume,  and  then  allowed  to  crystallize.  By  this 
means  100  liters  of  sap  yield  from  ^  to  1  kilo  of  crystallized 

Pre^oraUon  of  ooniferiu.  This  is  oxidized  with  the  familiar  mixture  of  sul- 
phuric acid  and  bichromate  of  potassium,  and  the  vanillin 
formed  thereby  extracted  with  ether  or  by  a  current  of 
steam.  Complete  purification  from  the  vanillic  acid  formed 
at  the  same  time  is  attained  by  taking  advantage  of  the 
aldehyde  nature  of  vanillin,  and  separating  it  in  the  form  of 
the  sodium  bisulphite  compound.  After  being  set  at  liberty 
from  this  compound,  vanillin  is  obtained  in  the  form  of  a 
white  crystalline  powder,  melting  at  81^  G. ;  20  gram^  of 
which  correspond  to  a  kilo  of  the  best  vanilla.  This  manu- 
facture is  the  result  of  a  valuable  research  on  coniferin  car- 
ried out  in  the  laboratory  of  Professor  Hofinann,  at  Berlin, 

HaarmnDn  &by  Haarmauu  and  Tiemann  in  1873.  From  their  investiga- 
tions it  was  shown  that  coniferin  was  a  glucoside  capable  of 
being  formed  by  the  union  of  glucose  and  coniferyl  alcohol 
under  elimination  of  water,  or  of  being  resolved  into  these 
substances  by  the  action  of  emulsin  or  dilute  acids — 

Bonnuia  of  va  Coniferiu  +  Water  =  glucose  +  coniferyl  alcohol ; 

Ci6Ha08-t-H20  =  CfiHijOe-HOioHijOs. 

Both  coniferin  and  coniferyl  alcohol  yield  on  oxidation 
vanillin,  GsEUOs,  or  methyl  protocatechuic  aldehyde — . 

(OCH3 

the  name  assigned  to  this  compound  in  accordance  with  the 
nomenclature  accepted  at  present,  and  based  on  very  exact 
analytical  decompositions. 

The  establishment  of  the  above  comparatively  simple  for- 
mula of  vanillin,  and  of  its  exact  position  in  the  series  of  aro- 
matic compounds,  has  naturally  incited  other  efforts  to  pre- 
pare this  valuable  principle  from  other  closely  allied  bodies. 
Of  these  attempts  two  have  been  successful.  The  methods, 
although  patented,  are  still  too  costly  to  permit  of  competi- 
tion with  that  just  described. 
Seimer'smeih-  The  first  of  thesc  was  discovered  by  Reimer,  in  1876,  and 
is  based  on  a  most  important  reaction  due  to  this  chemist, 
viz,  the  introduction  of  the  aldehyde  group  OHO  in  phenols 
by  the  action  of  chloroform  in  presence  of  alkalies.    Thus, 


nillin. 
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ordinary    phenol — OeHgOH — yields    salicylic    aldehyde,  </'2J^22i*^"^ 

{OH 
CHO     "^  ^^^  manner  guaiacol,  or  methyl-pyrocate-    ^"i- 

QCT   ' — one  of  the  constituents  of  beech-tar 

creosote — is  changed  by  the  action  of  chloroform  into  the  . 
corresponding  aldehyde^  t.  e.^  vanillin — 

(OCH3 
CcHa  \  OH 
(  CHO. 

The  second  method,  discovered  by  Tiemann,  is  based  on    ,^  Ti«iMnn'« 

*  *>  ^  method. 

the  oxidation  of  the  eugenol  contained  in  oil  of  cloves,  oil 
of  pimento,  and  other  volatile  oils,  a  colorless  aromatic 
liquid  closely  allied  to  the  coniferyl  alcohol  mentioned 
above — 

(  OOH3  (  OCH3 

Eugenol  =  CcHa  \  OH    ;  coniferyl  alcohol  =  Cc  II3  <  OH 

(  C3H5  (  C3H4OH. 

It  consists  in  the  extraction  and  purification  of  the  eugenol 
in  oil  of  cloves ;  introduction  of  the  acetyl  group  by  treat- 
ment with  acetic  anhydride )  oxidation  of  the  aceto-eugenol 
thus  formed  with  i)otassium  permanganate ;  elimination  of 
the  acetyl  group  from  the  resultant  acetovanillin  by  means 
of  weak  alkalies ;  and  extraction  oi'  the  pure  vanillin  with 
ether. 

The  above  reactions  and  operations,  based  on  elaborate 
and  minute  researches,  show  in  a  striking  manner  the  de- 
pendence of  industrial  chemistry  on  the  so  frequently  de- 
rided theoretical  investigations  of  the  modern  chemical 
laboratory. 

Bump  found,  in  1878,  vanillin  in  Siamese  benzoin  resin,    Rump's  much, 
and  separated  it  from  the  residual  liquors  after  the  treat- 
ment with  lime  for  the  separation  of  the  benzoic  acid     In 
the  same  year  E.  Serullas,  of  Paris,  has  extracted  from  the    SemUHs*  moth- 

od. 

I>ericarp  of  oats  an  essential  principle  to  which  he  gives  the 
name  aveiieine^  and  obtained  vanillin  from  this  body  by  the 
ordinary  methods  of  oxidation. 


OZOKERIT.  OmAmiL 

Ozokerit  is  found  in  small  quantities  at  Binney  Quarry, .  sonroeaof  oeo- 
Linlithgowshire,  in  Wales,  and  in  coal  mines  near  Newcastle. 
It  is  chiefly  obtained,  however,  from  Galicia,  where  it  occurs 
in  connection  with  x)etroleum  springs  in  the  blue  clay  of  the 


I 
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(hcteriL      miocene  formation,  principally  in  Borislav,  near  Drohobycz, 
Sources  of.      a^nd  Dzwiniacz,  near  Stan ista wow,  at  the  northern  foot  of 
the  Carpathian  Mountains,  and  at  Swatoi-Ostrow,  an  island  in 
the  Caspian  Sea.  In  1875  about  20,000,000  kilos  wore  mined, 
of  which  eight-ninths  came  from  Borislav  alone, 
chazacter.  Kativc  ozokcrit  of  tho  best  quality  is  translucent,  of  a 

honey-yellow  color,  and  about  as  hard  as  common  beeswax. 
It  is  sometimes  found  in  lumps  and  layers  from  1  to  3  fb. 
in  thickness,  weighing  several  hundredweights.  More  fre- 
quently, however,  it  occui*s  in  thin  la^^ers  and  small  pieces, 
which  must  be  separated  from  associated  minerals.  The 
smallest  pieces  are  obtained  hy  a  process  of  washing.  The 
poorer  qualities  are  highly  colored,  often  quite  black,  and 
are  either  too  soft,  from  incorporated  petroleum,  or  too  hard, 
like  asphalt ;  are  maijily  used  for  the  production  of  xiaraffine. 
Uaedfbrmanu.xhe  bcst  vellow  qualities  are  lused  for  the  manufacture  of 

faoturo   of  ccro-  •^  * 

sine  and  parnf.  "cercsinc,''  a  factitious  "wax,''  which  is.largely  exported  as 

beeswax.  In  making  paraHlne  from  ozokcrit,  which  yields 
on  an  average  of  42  per  cent.,  according  to  the  quality  of 
the  mineral,  the  crude  liydmciirbou  is  fu*8t  melted  and  drawn 

i*«x»w-  off;  the  residue  boiled  with  water  to  recover  the  last  por- 
tions remaining  in  the  x)artially  exliansted  mass ;  the  whole 
allowed  to  stand  for  several  hours  for  ajiy  suspended  matters 
to  settle  out,  and  the  fused  hydrociirbon  i)oured  into  molds, 
which  contahi  100  to  120  lbs.  It  is  shipped  without  fru*ther 
preparation  to  Vienna,  Pans,  London,  and  oUier  places, 
where  it  is  further  purified  and  conveited  into  beeswax,  il- 
luminating oils,  and  parafflne. 

M^nfffcoturecf  The  manufactiu'c  of  parafflne  is  effected  by  distillation  over 
direct  fire,  from  flat-bottomed  iron  retorts  holding  1,500  to 
2,000  lbs.,  the  products  of  such  working  being — 

PflToent. 

Benzine 2  to    8 

Naphtha 15  to  20 

Parafflne 36  to  50 

Heavy  lubricating  oils 16  to  20 

Coke 10  to  20 

The  parafflne  is  pressed,  treated  with  sulphuric  acid  and 
caustic  soda,  filtered  through  paper  and  fine  animal  char- 
coal, and  manufactured  into  candles.    (Gkabowsky). 
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EXHIBITORS  OF  CHEMICAL  PRODUCTS. 


AUSTRIA-HUNGARY.  AuamtiA.Hini 

OAllT. 


The  chemical  indastries  of  this  empire  still  rests  behind  ,  chemioai    in- 

dustries    behind 

those  of  France.  Germany,  and  Great  Britain,  and  are  far  tho«o  of  France. 

from  attaining  a  relation  commensurate  with  the  extent  of  Britain. 

the  country  and  its  natural  wealth  in  natural  products.    A 

few  of  the  leading  establishments  are  fully  abreast  of  the 

nations   in  the  rapid  march  of  improvement  in  chemical 

technology ;  many  of  them,  however^  retain  methods  and 

processes  long  since  discarded  in  Western  Europe.    Apart 

form  a  number  of  small  establishments  for  the  production 

of  tartar  and  potash,  Austria  contains  85  chemical  works,        xigbty.flve 

situated  chiefly  in  Bohemia,  Silesia,  and  lower  Austria.    The  in  BohomiiL  sue. 

apparently  unlimited  supplies  of  salt  and  pyrites  of  iron  Austria.     **^*' 

form  the  basis  of  most  of  these  manufacturing  interests. 

While  more  than  exceeding  the  home  demand  for  sulphuric 

and  other  acids,  Austria's  alkali  production  is  still  insuf&- 

cient^  and  the  deficiency  i»  met  by  importation  mainly  from 

England. 

The  chief  products^  according  to  statistics  taken  from  the  Looauties  and 
census  of  1870 — since  wliich  time  there  has  been  a  notable  in-  chief  cbomicai 
crease  iu  many  branches — are:  Sulphuric  acid,  annual  pro-^ 
duction^  over  40,000,000  kilos ;  seats  of  thisindustry  being 
at  or  in  the  neighborhood  of  the  following  places :  Vienna, 
Voralberg,  Silesia,  Wurbenthal,  Hruschau,  Petrowitz,  Bo- 
hemia, Aussig,  Prague,  E^asnau,  Kralup,  etc  Kordhausen 
sulphuric  acid  is  produced  at  the  establishment  of  Stark,  in 
Bohemia,  to  the  amount  of  1,720,000  kilos  per  annum ;  hy- 
drochloric acid,  30,000,000  kilos ;  nitric  acid,  3,000,000  kilos ; 
sulphate  of  soda,  10,940,500  kilos;  soda  crystals,  3,221,600 
kilos ;  calcined  soda,  7,291,100  kilos, in  Bohemia  and  Silesia; 
bicarbonate  of  soda,  234,400  kilos ;  caustic  soda,  526,000  kilos ; 
caustic  soda-lye,  66,000  kilos;  chloride  of  lime,  1,400,000 
kilos ;  nitrate  of  potash,  1,050,000  kilos,  and  nitrate  of  soda, 
5,600  kilos,  in  Simmering,  Hrastning,  Prague,  Carolinenthal, 
Welwam,  and  Triest ;  yellow  prussiate  of  potash,  470,000 
kilos,  in  Briinn,  Drozdov,  and  Vienna ;  arseniate  of  potas- 
sium, 5,600  kilos ;  bichromate  of  potass.,  112,000 ;  sulphate 
and  hydrochlorate  of  ammonia,  210,000  kilos;  hyposulphite 
of  ammonia,  43,000  kilos;  hyposulphite  of  soda,  75,000 
kilos ;  sulphate  of  magnesia,  16,800  kilos ;  acetate  of  lead, 
590,000  kilos;  acetate  of  iron,  101,000  kilos;  acetate  of  alu- 
mina, 33,000  kilos ;  acetate  of  calcium,  30,000  kilos;  acetate 
of  sodium,  672  kilos ;  sulphate  of  copper,  65,000  kilos ;  sul- 
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^""^y"™*   P^^^®  ^^  2^^®>  ^>^^^  kilos  J  ammonia  alum,  56,000  kilos ;  ni- 

trate  of  iron,  660  kilos ;  mercury  salts;  3,360  kilos ;  tin  salts, 

106,000  kilos ;  nitrate  of  zinc,  840  kilos ;  tartrate  of  potas- 
sium, 218,000  kilos ;  double  tartrate  of  sodium  and  potas- 
sium, 9,800  kilos ;  tartaric  acid,  23,000  kilos. 

AnBtria'sobem-     At  prescut  Austria  imports  6,765,000  kilos  of  sulphur: 

ioal  proaucta.  *  /         #  *  / 

4,737,000  kUos  of  nitrate  of  soda ;  11,870,800  kilos  of  car- 
bonate of  soda  in  various  forms ;  668,100  kilos  of  sulphate 
and  bisulphate  of  soda;  2,158,61)0  kilos  of  chloride  of  potas- 
sium; 1,971,000  kilos  of  chloride  of  lime;  and  403,900  kUos 
of  caustic  soda, 
chemioaiworks     The  most  important  chemical  works  of  the  Austrian  Em- 

of  tho  Enipire.         .  .     , 

pire  represented  were : 
oesterpeichor     Ocstcrreicher  Verein  fiir  Chymische  und  Metallnrgische 
luiMhe  u^  MoV  Production,  Aussig  and  Kralup,  Dr.  Max  Schaffner,  director, 
urgiac  e.       ^^^  knowu  by  his  method  for  the  regeneration  of  sulphur: 
ner.  *  This  establishment,  which  is  the  most  extensive  of  the  Aus- 

trian soda  works,  and  one  of  the  most  complete  in  Europe, 
exhibited  all  the  products  of  the  soda  industry.  The  an- 
nual production  of  this  company  is : 

Kilos. 

Aimiialprodac-Salphurioaoid 17,500,000 

^**'"-  Crude  sulphate  of  soda 15,000,000 

Crystallized  sulphate  of  soda 500, 000 

Calcined  soda 6,250,000 

Soda  crystals 3,000,000 

Causticsoda 1,500,000 

Hydrochloric  acid 21,750,000 

Chloride  of  lime 2,500,000 

Nitric  acid 1,500,000 

Superphosphates 2,500,000 

Hyposulphite  of  soda 500,  COO 

Sulphur,  recovered  from  residues .     1, 000,  OCO 

Bicarbonate  of  soda 400,000 

Chlorate  of  potash 50,000 

Chloride  of  barium 500, 000 

Sulphide  of  sodium 400^000 

The  estiblishment  was  founded  in  1857,  has  a  capital  of 
$2,500,000,  and  the  value  of  its  annual  productions  amounts 
to  $1,500,000 ;  2,000  workmen,  and  engines  with  500-horse 
power,  find  occupation  here.  Large  quantities  of  thallium 
are  obtained  as  a  by-product  from  the  Westphalian  pyrites 
used.  The  exhibits  included  a  fine  model  of  the  tower  em- 
ployed for  the  condensation  of  the  hydrochloric  acid, 
se  bei^^STco*'  Wagcnmaun,  Seybel,  &  Co.,  Vienna :  Works  founded  in 
Vienna.  '  1828  J  cmploy  200  workmen.    This  manufactory  possesses 

six  series  of  vitriol  chambers,  with  three  of  which  pyrites  are 
used  I  with  two,  Sycilian  sulphur ;  and  with  one,  sulphur  re- 
generated by  Laming's  metiiod.    In  the  latter  process  pru- 
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siate  of  potash  and  ammonia  salts  are  prepared  from  the   AusTaiA-HUK- 


OAKY. 


mass  before  it  is  roasted.   The  yearly  production  is  7,000,000  — 
kilos  of  sulphuric  acid.    Four  platinum  stills,  representing  ^oj.,.^  chemical 
a  value  of  $50,000^  are  used  for  the  concentration  of  the 
acid.    From  the  Vienna  gas- waters  the  establishment  pre- 
pares yearly  100,000  kilos  of  caustic  ammonia  and  300,000 
kilos  of  ammonia  salts ;  from  the  treatment  of  Styrian  spa-      wagexmuum, 
thic  iron  with  sulphuric  acid,  300,000  kilos  of  ferrous  sul-    * 
phate,  and,  in  addition,  1,500,000  kilos  of  hydrochloric  acid, 
1,500,000  kilos  of  nitric  acid,  40,000  kilos  of  tin  salts,  60,000 
kilos  of  sulphate  of  copper,  75,000  kilos  of  acetate  of  lead, 
etc.    An  important  article  in  the  list  of  the  products  of 
this  manufactory  is  tartaric  acid,  prepared  from  the  pressed 
and  dried  lees  of  wine,  an  industry  created  mainly  by  the 
researches  and  efforts  of  E.  Sey bel.    The  annual  prod  action 
of  this  substance  is  224,000  kilos,  most  of  which  is  exported 
to  Russia. 

L.  Roller,  Briinn :  This  manufacturer  makes  a  specialty        l.  ksuw, 
of  tartaric  acid  and  its  salts.    His  exhibit  was  tartrate  of 
calcium. 

F.  C.  Schwab,  Pettan :  Befiner  of  sulphur  and  saltx)eter.    f.  c.  sohw»b, 
Annual  production  400,000  kilos  of  reflued  sulphur,  and 
60,000  kilos  of  saltpeter. 

Consorzio  delle  Saline  di  Pirauo,  Istria :  Crude  and  re-    ConBoizio  dene 
fined  salts  obtained  from  sea- water,  bromine^  chloride  of  utrSk 
lime,  sulphate  of  soda,  and  sulphuric  acid.    Value  of  annual 
production,  $50,000. 

B.  MargiQies  &  Co.,  Vienna :  Ammonia  and  its  salts  and   B.MaTgaUe«  &, 

ij_    ^  Co.,  Vienna. 

saltpeter. 
Gommitteeof  Upper  Austria,  lodbad  Hall :  Salts  of  iodine.   Committee  of 
Imperial  Department  of  Agriculture,  Vienna :  Uranium   imp.  Bept  of 

,  Asric. 

salts. 

Imperial  Departv^ent  of  Mines,  Vienna :  Mercury,  cinna-   imp.  Dept  of 
bar,  salts  of  uranium  and  of  vanadium.  ^' 

Gassoui  &  Galatta,  Val  di  Ledro :  Magnesia  and  salts  of,  cjaaaoni  &  ca- 

'  ®  lAtto,  Val  di  Le- 

magnesia.  dro. 

Soci^t^  des  Ghemins  de  Fer  de  r£tat :  The  establish-  soc  dea  che- 
ments  of  the  company  in  Moldova,  Hungary,  exhibited  sul-  rflut.  ®  ®'  • 
phuric  acid,  sulphates  of  soda  and  copper.  The  annual  ca- 
pacity of  the  sulphuric  acid  works  is  1,500,000  kilos ;  30,000 
kilos  of  sulphate  of  soda  are  manufactured  from  nitrate 
of  soda.  The  yearly  yield  of  sulphate  of  copper  is  207,000 
kilos,  and  263  kilos  of  silver  are  obtained  from  the  argen- 
tiferous residues  of  the  manufacture. 

Society  Hongroise  pour  le  Lavage  des  Laines,  Buda-Pest.    Soo.  Hongroise 
Exhibited  potash  obtained  from  suint  of  wool.    Gream  of  Eainea,  svPeat! 
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tartar  was  exhibited  by  a  number  of  Hungarian  establish- 
ments. 

WBLGiUM.  BELGIUM. 


In  Belgium,  notwithstanding  its  vast  deposits  of  coal,  the 

chemioai  vaiious  chemical  industi'ies  occupy  a  comparatively  subor- 

^^^  dinate  position.    The  establishments,  although  numerically 

NomorjcaUyfew,  aro  Still,  individually,  of  considerable  extent,  and  the 

few,  Irat  of  con-  -^'.  ^     .  ,.,  ,,  ., 

Biderabie  extent,  latcst  improvements  lu  techmcal  methods  are  in  full  ox)erar 

tion.  The  annual  production  of  sulphuric  ucid  is  about 
30,000,000  kilos.  The  soda  industry,  so  important  to  the 
extensive  glass  manufactures  of  Belgium,  stands  at  a  high 
point  of  perfection.  The  leading  exhibit  was  naturally  that 
ot— 

cornel  *  ^''     Ernest  Solvay  &  Co.,  of  Oouillet :   This  establishment, 

founded  in  1865,  is  the  one  in  which  the  practicability  of 
the  new  ammonia-soda  process  was  first  successfully  demon- 
stated.  They  sent  a  fine  exhibit  of  the  various  products  by 
this  method,  including  hydrochloric  acid  obtained  from  the 
residual  chloride  of  calcium,  and  a  series  of  plans  of  appa- 
ratus for  regenerating  the  ammonia  used  in  the  process. 
One  hundred  and  ten  workmen  are  employed,  and  the  an- 
nual production  of  soda  amounts  to  7,500,000  kilos. 
Eab.  des  Pro-     FabriquedesProduitsChiiiiiquesd'Auvelais  manufactures 

dnits  Chimlqnes 

d'Aaveinis.  sulphuric  and  hydrochloric  acids,  sulphate  of  soda,  and  phos- 
phates. This  establishment,  founded  in  1851,  employs  160 
workmen,  possesess  10  vitriol  chambers,  and  produces  annu- 
ally acid  valued  at  $400,000.  It  is  well  known  for  the  enter- 
prise manifested  in  the  introduction  of  very  perfect  arrange- 
ments for  the  condensation  of  the  hydrochloric  acid  vapors. 

j^sj^^Anon.  do     goci^t^  Anouymc  de  B^lian,  Mesvin :  Acids,  soda,  phos- 
phates. 
David  A.  Co.,     David  &  Co.,  MousUer :  Pure  soda  salts,  especially  bisul- 

phite,  hyposulphite,  sulphydrate,  and  phosphate  of  soda. 
KLannoy.Fiia,     E.  Lanuoy,  Fils,  &  Co.,  Brusscls :  Neutral  sulphate  of 

Sc  Co.,  BnufielB.       _ 

alumma. 
Koch  &  B«i»,     Koch  &  Beis,  Anvers.  Exhibited  fine  specimens  of  refined 

AnveiB. 

sulphur.    The  establishment  was  erected  in  1868,  and  em- 
ploys 80  workmen,  who  attend  16  furnaces;  its  annual  pro- 
duction is  6,000,000  kilos, 
verayi  St.  Co.,     Vcrzyl  &  Co.,  Wilsclc.   Exhibited  specimens  of  their  salt- 
^  *■  peter  refined  to  rshnsj  ^^^  soda  manufkctured  by  the  am- 

monia process. 
uainos  des     Usiues  dcs  Moulius,  Ghent :  Soda  and  sulphate  of  soda, 
MotUiBB,  Ghent.  ^^^^^  ^^  calcium,  chloridc  of  lime,  sulphuric,  nitric,  and 

hydrochloric  acids,  sulphate  of  iron,  acetic  acid,  phenol, 
benzine,  nitro-benzine,  and  salicylic  acid. 
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CANADA.  CANADA. 

Various  general  chemical  products  were  exhibited  by  J.  Chemical 

DavidH,  Toronto;  Lyman  Bros.  &  Co.,  Toronto ;  H.  J.  Rose, 
Toi-onto;  Lyman,  Glare  &  Co.,  of  Montreal,  who  showed 
potashes ;  and  the  Chemical  Works  of  Brockville,  nitric,  sul- 
phuric, and  hydrochloric  acid. 

DENMARK.  dknicark. 


Denmark  was  represented  by  her  two  principal  manu-  chGmicni 

«      .  works. 

factories : 

Fredens-Molle,  Amac :  Established  in  1822 ;  employs  225    Fwdens-MbTie, 
workmen,  and  turns  out  $640,000  worth  of  products  annu- 
ally, consisting  of  sulphuric  acid  and  superphosphates. 

Hagemann  &  Jorgensen,  Copenhagen:  Established  in   .Hajroimvnii  & 
1856,  and  gives  employment  to  80  operatives.    Annual  pro-  peSogcai. 
duction  valued  at  $160,000.    This  manufactory  was  the  first 
to  extract  soda  from  cryolite  coming  from  the  vast  deposits 
in  Greenland.    At  present  it  uses  up  2,000,000of  the  8,000,000   Ctyoute  indn.- 
kilos  shipped  from  Arkut.    The  cryolite  used,  containing 
84  to  88  per  cent,  of  fluoride  of  aluminum  and  sodium — ^AlFs, 
3KaF — ^yields  on  heating  with  carbonate  of  lime  13  per  cent, 
of  alumina  and  60  per  cent,  of  soda.    This  yield  is  aug- 
mented, however,  to  13  per  cent,  of  alumina  and  70  per  cent, 
of  soda  by  adding  a  certain  amount  of  fluorspar  to  the  mix- 
ture.   There  are  but  three  other  establishments  engaged  in    ^nuxite  super. 

Bcding  cr joliM. 

the  cryolite-soda  industry,  bauxite  having  taken  its  place 
in  the  five  German  manufactories,  which  ten  years  ago  were 
occupied  with  this  material.  The  exhibits  included  soda 
crystals,  hydrate  of  alumina,  fluoride  of  calcium,  sulphate 
of  alumina,  and  pure  cryolite. 

FRANCE.  fbancb. 


In  Ffance  nearly  every  branch  of  chemical  industry  is  in    chemicid    in- 
successful  operation  and  at  a  well-advanced  stage  of  per-  d2?Soped.  ^  ^ 
fection ;  a  result  due  to  her  varied  forms  of  natural  wealth, 
her  maritime  advantages,  and  to  the  fact  of  having  been 
the  cradle  of  modern  cliemistry.    As  the  measure  of  the 
growth  of  technical  chemistry  in  this  country  during  the 
past  few  years  wt  can  take  the  annual  production  of  sul-    product  of  sul- 
phuric acid,  which  has  risen  from  90,000,000  kilos  in  1867  ^^'^'^  '^^^' 
to  150,000,000  kilos  in  1877. 

The  annual  production  of  soda  is  over  175,000,000  kilos,    sodo,    annaiii 
i-epresenting  a  value  of  $6,000,000.    This,  however,  is  insuffi-  ^ 
dent  for  the  wants  of  the  country,  and  11,000,000  kilos  are    imporu. 
imported  from  England  annually.  The  number  of  soda  works 
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FaA5c».       ia  ninety-six,  giving  employment  to  5,162  operatives  and 
Chemical    In- 1,000  liOFSo  power.    The  amount  of  salt  used  in  the  soda 
and   other  works  is  120,000,000  kilos  annually,  and  the 
yearly  importation  of  sulphur  is  over  40,000,000   kilos. 
Several  branches  of  chemical  industry  which  have  been 
practically  created  and  perfected  in  France,  notably  the 
preparation  of  potash  salts  from  the  mother-liquors  of  the 
Xjoip  indastry.  Salt  gardens  and  the  kelp  industry,  are  now  battling  against 
severe  odds ;  the  one  against  the  natuml  deposits  of  potash 
in  Central  Europe,  the  other  against  the  deposits  of  iodine- 
bearing  salts  in  Peru.    Among  the  more  recently  introduced 
Borax    indiu- industries  should  be  mentioned  that  of  borax,  dating  from 
^'AmmonUsodA.  1869,  the  ammouia-soda  manufacture,  and  the  preparation 
siih»h(H3arbo-  of  the  vast  quantities  of  sulpho-carbonates  required  to  com- 
ing ph^iioxein.    bat  the  devastating  phylloxera. 

Prrach  Blow  to     As  a  rulc  the  French  manufacturers  are  slow  in  adopting 
proctBsi"^™^    the  improvements  so  rapidly  introduced  by  their  neighbors 

to  the  north  and  the  east.    As  yet  none  of  the  labor-saving 

fcirnaces  of  the  English  soda  works  have  been  adopted 

across  the  channel,  and  such  improved  processes  as  Weldon's 

for  the  regeneration  of  oxide  of  manganese,  or  the  use  of  the 

Glover  tower,  have  but  recently  secured  a  general  recog- 

The  French  nition.    The  scctiou  of  chemical  products  on  the  French 

^mpieto  ^  "ami  side  was  amoug  the  most  complete  in  the  division,  and  in 

tMtofoi.  extent,  variety,  and  tasteful  display  was  unapproached  by 

that  of  any  other  nation. 
Chemical     Boud4  &  Fils,  Marseilles :  Established  in  1850;  one  of  the 
Bon<i6  &  Fils,  largest  of  the  French  sulphur  refineries.    Tliey  have  ten 
furnaces  and  condensers,  with  a  daily  capacity  of  production 
of  14,000  kilos  of  flowers  of  sulphur  and  8,000  kilos  of  roll 
sulphur.    Their  mills  turn  out  daily  10,000  kilos  of  ground 
sulphur.    Annual  production,  6,500,000  kilos  of  refined  sul- 
phur, being  one- fourth  of  the  total  amount  used  in  France. 
The  loss  of  sulphur  in  the  process  of  refining  has  decreased 
from  16  per  cent,  in  1860  to  between  3  and  4  x)er  cent  at 
present.    Thirty  to  40  kilos  of  coal  are  required  for  each 
100  kilos  of  refin  *d  sulphur. 
R  Cros,  2^ar.     B.  Oros,  Narbounc :  Factory  established  in  1856.    This  is 
one  of  the  chief  establishments  for  pulverizing  the  crude 
sulphur  used  in  the  vineyards.    The  annual  production  of 
this  work  is  2,400,000  kilos  of  refined  and  6,200,000  kilos  of 
pulverized  sulphur. 
o.BenArd,iiar-     O.  Bcuaid,  Marseilles.  Exhibited  handsome  specimens  of 
crude  and  refined  sulphur  and  compounds  of  it  with  other 
substances. 
^  Ddsa  &  FiiB,     Deiss  &  Fils,  Paris :  EstabUshed  in  1848 ;  exhibited  bisul- 


bonne. 
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phide  of  carbon  apparatus  for  the  extraction  of  oil  from  the      ^^TifCK. 
residnes  of  the  olive  presses,  of  the  candle  factories,  etc.;  Ohemicaitporkg. 
cyanide  of  potassium,  chloride  of  sulphur,  sulpho-carbonates 
of  the  alkalies.    The  method  of  E.  Deiss  for  the  manufact-  ^^^  ^  ^^ 

Pans. 

ore  of  bisulphide  of  carbon  was  introduced  thirty  years  ago, 

and  has  broug'ht  down  the  price  of  tbis  article  from  $12  to    Biraiphide  of 

carbon    redaoed 

12  cents  the  kilo.    The  present  yearly  production  of  800,000  to  ono-buudredth 
kilos  is  consamed  almost  entirely  in  the  vineyards  of  France, 
to  combat  the  army  of  phylloxera,  which  seriously  threatens 
the  very  existence  of  the  vine  in  that  country. 

J.  Blondel,  Marseilles:  This  establishment  was  founded j^j^^^*®«»*^«^ 
by  BerthoUet.    Its  exhibits  consisted  of  sulphuric  and  nitric 
acids,  soda,  and  anhydrous  sulphate  of  soda,  in  the  manu- 
facture of  which  it  is  engaged  on  a  large  scale. 

Cazalis  &  Leenhardt,  Montpellier.  Manufacture  3,000,000  J^f*^^^^' 
kilos  of  salphuric  acid  annually  from  Sicilian  sulphur,  uer. 
Besides  this  product  they  exhibit  bauxite  containing  60  per 
cent^  of  soluble  alumina ;  tartaric  acid  (annual  production 
a0,000  kilos);  crude  salt  from  the  mother-liquors  of  the 
salines,  extracted  by  Balard's  process,  and  used  for  the 
manafacture  of  alum;  pure  alum  free  from  iron  and  uncom- 
bined  acid  (annual  production  of  pure  alum  40,000  kilos  and 
of  common  aJum  80,000  kilos). 

Compagnie  des  Salines  du  Midi,  Montpellier :  Calcined ,.  ciomp.  dea  Sa^ 

linen    do    Midi, 

magnesia  and  salts  obtained  from  the  mother- liquors  of  salt  Montpellier. 
works. 

Compagnie  G6u6rale  des  Produits  Chimiques  du  Midi, ^^^pGo"<ie» 
Marseilles :  Soda  and  oxide  of  manganese.  ^^di. 

Duchemin  &  Chouillou,  Kouen.  Exhibited  various  prod-  Dnchemin  a. 
nets  of  the  soda  manufacture  and  specimens  of  their  super  eu.^"*  °^  ^^^^' 
phosphates. 

Grautier  &  Mairesse,  Pierre-B6nite :    Soda  preparations,  .oauticr&Ma. 
caustic  potash,  sulphide  of  potassium,  bichromate  of  pot-  mte.  ' 
ussa,  regenerated  from  the  residues  coming  from  the  oxida< 
tion  of  anthracene  to  anthraquinone  in  the  artificial  aliza- 
rine manufactures ;  chloroform,  ether,  etc. 

Soci^t^  Anonyme  de  Croix,  near  Eoubaix :  Salts  of  potash,  Soc.  aduu.  de 
caostic  potash,  etc.  ^"^'''  ^°°^" 

Soei^t6  Anonyme  des  ProduitsChimique8(fitablessements^s^.  ^^«5^ 

Maletra)  was  represented  by  an  excellent  exhibition  of  mo8t*»)- 
of  the  products  of  the  soda  industry,  caustic  soda,  the 
mineral  acids,  chlorates,  sulphate  of  soda,  chloride  of  man- 
ganese, and  salts  of  various  other  metals.  Begeneration  of 
oxide  of  manganese  by  Weldon's  method  was  shown  by 
means  of  diagrams  and  drawings. 
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Soci^t6  Anonyme  des  Produita  Ghimiqnes  du  Nord,  Lille: 
ohemieai  works,  Tliis  famous  establishment  presented  a  fine  exhibit  of  all  the 
Produite    ^cbi-  products  Connected  with  the  soda  industry ;  oxide  of  man- 
Li3e^  ^    ^  '  ganese,  superphosphates,  lead  and  barium  salts.     C.  F. 
c.^  F.   Kuhi-  Kuhlmann,  the  director  and  chief  proprietor  of  the  exten- 
sive works  of  this  company,  stands  unquestionably  at  the 
head  of  French  chemical  manufacturers.    Since  his  first  dis- 
covery, in  1823,  of  two  distinct  coloring  matters  in  madder, 
he  baa  enriched  nearly  every  branch  of  applied  chemistry 
by  his  numerous  contributions  of  new  facts.     It  is  only 
necessary  to  allude  to  the  introduction  of  the  principle  of 
saturation  into  the  manufacture  of  sugar,  the  application  of 
crystallization  for  technical  purposes,  the  methods  for  sav- 
ing potash  salts  in  waste  products,  for  producing  nitrates 
and  artificial  manures,  and  finally  the  creation  of  the  baryta 
industry,  which  has  grown  to  enormous  proportions  and  is 
of  immense  value  to  France. 
Soc  Anon.     Soci6t6  Auouymc  de  Sambre  et  Meuse,  Hautmont:  This 

cie     Sambre     et  a, 

Meuse,     Hant- Gompauy  was  Organized  in  1857,  with  a  capital  of  $720,000. 

Handsome  exhibit  of  all  the  soda  products  and  numerous 
superphosphates.    The  company  owns  large  mines  of  py- 
rites at  Pbilippeville,  Belgium,  whiith  are  worked  by  70 
statistics  of  miners.    In  the  establishment  at  Hautmont  there  are  265 
yieid.^^^*^*  *"^  operatives;  engines  of  360  horse-power ;  6  vitriol  chambers, 

containing  in  all  16,000  cubic  meters ;  a  platinum  evapora- 
tor capable  of  yielding  daily  9,000  kilos  of  sulphuric  acid 
Theapporatui.  at  06°  B.j  Th^lcu^s  apparatus  for  evaporating  solutions  of 
crude  soda ;  8  furnaces  for  the  preparation  of  sulphate  of 
soda,  and  4  for  converting  thd  sulphate  into  crude  soda. 
Weldon's  method  for  the  regeneration  of  oxide  of  manga- 
Consumption  of  nese  is  used  in  these  works.    The  annual  consumption  of 
raw  material.      ^^^  material  here  is : 

KUos. 

Pyrites 7,000,000 

Coal 15,000,000 

Salt 6,500,000 

Annual  pro-     Thc  annual  product  is : 

duct.  Kilos. 

Sulphuric  acid,  of  whicli  2,000,000  kiloB  are  sold 9, 000, 000 

Ordinary  sulphate  of  soda 6,500,000 

Refined  sulphate  of  soda 1,200,000 

Hydrochloric  acid 10,000,000 

Caustic  soda 1,000,000 

Soda  crystals 2,500,000 

Saltsof  soda 1,800,000 

Chloride  of  lime 1,000,000 

Sulphur,  regenerated 250,000 

Superphosphates 1, 500, 000 

Precipitated  phosphates 1, 000, 000 
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Soci^td  Anonyme  dee  Soudi^res  du  OrifEbn,  Marseilles :      fjuhscr. 
This  company  exhibited  fine  specimens  of  soda  prepared  by  okmnieaivwrit. 
tbe  ammonia  process  with  Bonlevard's  apparatus.    The  an-  ^^  g^^^Jdu 
nnal  production  of  their  works  is  3,600,000  kilos  of  soda,  gjiffon,  KaneU- 
The  ammonia  required  to  carry  out  the  process  is  obtained 
from  the  Marseilles  Gas  Works. 

L.  Thomas  &  Co.,  Paris :  Exhibit  consisted  of  "  Jarel  ^  l-  p^^^;^  * 
water"  (for  bleaching  purposes),  prepared  by  the  reciprocal 
action  of  sulphate  of  soda  and  chloride  of  lime  in  solutions, 
superphosphates,  salts  of  soda,  ammonia,  copper,  etc.,  and 
selenium.  A  very  interesting  object  in  this  exhibit  was  a 
thin  sheet  of  gallium  about  8  inches  square.  It  was  of  a  Gaiunm. 
hght  gray  color,  and  the  crystalline  appearance  of  the  sur- 
fauce  was  not  unlike  that  of  antimony. 

Soci6t6  des  ManufEbctnres  des  Olaces  et  des  Produits  Chi-  ^^^^^^ 
miques  de  Saint-Gk)bain,  Ghauny ,  and  Cirey.  Exhibited  prod- 
ucts of  the  soda  industry,  chlorate  of  potash,  alum,  etc.    stOobaJn. 
TtuH  establishment,  renowned  for  its  immense  and  perfect 
mirrors,  has,  by  union  with  a  firm  at  Lyon  possessing  the 
&mous  pyrites  works  of  Ohessy  and  St.-Bel,  and  numerous 
soda  and  sulphuric  acid  factories,  attained  proportions  far    soda  and  nd- 
surpassing  those  of  any  other  undertaking  in  the  chemical  todea!'  ^ 
industries  of  France.    The  various  works  of  the  company 
admit  of  an  aggregate  daily  production  of  200,000  kilos  of 
sulphuric  acid.    The  pyrites  of  St.-Bel  are  almost  pure  sul- 
phide of  iron,  containing  less  than  one  per  cent,  of  impuri- 
ties.   The  attempt  has  been  made  to  use  the  residues  for 
the  manufacture  of  iron  by  first  roasting  them  with  salt 
and  extracting  the  sulphur  and  copper  present  in  the  form 
of  sulphate  of  soda  and  chloride  of  copper,  but  is  appar- 
ently not  continued  at  present. 

Solvay  &  Co.,  yarang6ville-Dombasle :   Established  in  vS2«£ 

1873,  and  employ  500  operatives.  The  French  branch  of  yiiie-Dombaaie. 
this  company  is  conducted  on  a  much  larger  scale  than 
the  Belgian  mother  establishment,  the  former  producing 
20,000,000  kilos  of  soda  annually,  the  latter  but  7,500,000. 
The  exhibit  was  small  and  by  no  means  attractive,  being 
confined  to  soda,  chloride  of  calcium,  etc.,  the  simplicity'  of 
the  process  giving  no  opportunity  for  the  manufacture  of 
the  numerous  by-products  hitherto  arising  from  soda  works. 

F.  Tissier,  Finist^re:  This  establishment  was  the  first  f.  Ttsaier,  Hn. 
(1829)  to  commence  the  manufacture  of  iodine  firom  sea- 
weed, and  is  at  present  the  most  important  of  those  engaged 
in  ttiis  branch  of  manufacture.  Its  annual  x>rodnction  of 
iodine  and  iodide  of  potassium  amounts  to  18,000  kilos, 
3,000  kilos  of  bromine  and  bromide  of  potassium.  There 
6  p  B VOL  4 
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"^^^"="-       was  in  additipn  exhibits  of  other  iodides  and  bromides  and 
Ohtmicaivwrkg.  nitrate,  sulphate,  and  chloride  of  potassium. 
^ogrf^&  Co.,     Oarof  &  Co.,  Finist^re:  This  factory  was  established  in 

1858,  and   now  produces  annually  from  200,000  kilos  of 

kelp — 

Chloride  of  sodimn 58,500 

Chloride  of  potassium 55,250 

Sulphate  of  potassitim 24,960 

Iodine 2,605 

This  house  imports  large  quantities  of  bromine  for  the 
preparation  of  bromide  of  potassium.  Exhibit  consisted  of 
raw  materials  of  the  iodine  manufacture  and  the  finished 
product. 

aSwiw?^'**'     Glaizot  Frferes,  Abervrach.    Employ  12  workmen,  and 

produce  annually  1,200,000  kilos  of  kelp.    They  exhibited 
crude  and  pure  iodine,  salts  of  iodine  and  bromine  of  very 
fine  quality,  and  sulphate  of  potassa. 
DeLtoiuae-     Dc  I'ficluse-Tr^voMal  Flares,  Audifeme:  This  establish- 

K8,  Aacu&me.  meut  was  founded  in  1872,  and  now  gives  employment  to  50 
operatives,  who  annually  turn  into  commerce  the  following 
amounts  of  products : 

Kilos. 

Animal prodno- Chloride  of  potassium 300,000 

*^*  Sulphate  of  potash 150,000 

Chloride  of  sodium 600,000 

Iodine  (most  of  which  is  oonveriied  into  iodide  of  potassium) . .  10, 000 
Bromine 1,600 

Consamption     The  aunual  consumption  of  raw  material  is : 

of  i»w  matoriaL  inin« 

Kelp  (for  the  production  and  transportation  of  which  2,500 

persons  are  engaged) 2,000,000 

Hydrochloric  acid 26,000 

Sulphuric  acid 26,000 

Potash 8,000 

Chlorate  of  potash 2,000 

Nitric  acid 500 

Coal 1,500,000 

These  fig^ures  give  a  pretty  fisdr  representation  of  the 
character  and  extent  of  the  operations  in  French  varech 
works.    This  firm  displayed  a  collection  of  very  fine  speci- 
mens of  their  products. 
Peiiieux     I*ellieux  &  Maz^-Launay,  Kerhuon.  Commenced  their  in- 
.^^J^^^^y*  dostry  in  1867,  and  the  estoblishment  now  obtains  880  kilos 

of  iodine  from  84,000  kilos  of  kelp  monthly.  They  made 
very  interesting  exhibits  of  the  divers  varieties  of  varech, 
classified  according  to  the  percentages  of  iodine  contained 
in  tiiem,  as  well  as  iodine,  bromine,  iodides,  and  potash  fer- 
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PaiBant  &  Co.,  Pont-FAbW:  In  this  factory,  which  was       ^^^^^' 
established  iu  1840, 1,200,000  to  2,000,000  kilos  of  kelp  are  oh^ieaiuoru 
changed  annually  into  iodides,  bromides,  chlorides,  and  sul-  p^u^bw.^**" 
phate  of  potassium  and  chloride  of  sodium.    Sulphide  of 
potaasium  is  also  produced  in  considerable  quantity  here 
for  the  preparation  of  sulpho-carbonate  of  potash,  which  is 
sold  for  use  iu  the  vineyards. 

A.  Boques,  Paris:  Established  in  1846,  and  now  givesA.Boqaes,Paru. 
employment  to  30  operatives  in  the  refining  of  camphor, 
resublimation  of  iodine,  and  the  conversion  of  iodine  and 
bromine  into  their  x>otassium  salts.    His  annual  production 
is  5,500  kilos  resublimed  iodine,  30,000  kilos  iodide  of  po-         camphor, 
tassium,  14,000  kilos  bromide  of  potassium,  and  235,000  Jj^  '^  ^ 
kilos  refined  camphor.    The  subliming  flasks  for  the  latter 
substance  are  made  on  the  premises,  and  are  consumed  in 
immense  numbers,  since  each  receptacle  can  only  be  used 
for  one  operation,  and  must  be  broken  to  release  the  flat 
cake  of  camphor.    The  exhibit  of  the  products  of  this  house 
was  exceedingly  handsome. 

A.  Lefebvre,  Oorbehem.    Exhibited  potash  and  salts  of     a.  LefebTie, 
potassium,  rubidium,  extracted  from  the  residues  of  the 
beet-root  sugar  manufacture,  after  having  first  served  for 
the  production  of  alcohol. 

Savaiy  &  Co.,  Kesle.   Displayed  raw  materials  and  fin-   saTary  &  co., 
ished  products  connected  with  the  distillation  of  beet-root 
molasses,  potash,  and  salts  recovered  from  the  residues. 

E.  Porion,Wardrecques:  Salts  obtained  from  the  residues  ^   ,  E-Ponon, 

'  ^  Wardrecque. 

of  the  alcohol  manufacture;  carbonate  of  potash  contain- 
ing 95  per  cent,  of  pure  carbonate. 
Au.  !Nugues,  Saint  Saulve-les -Valenciennes :  Potash  from        £.Nague8, 

,  ,  Saint  Saulve-lea* 

the  beet-root  residues ;  carbonate  of  potash,  92  per  cent.  Valenciennes. 
annual  production;  carbonate  of  potash,  80,000  kilos;  car- 
bonate of  soda,  650,000  kilos,  together  with  a  considerable 
amount  of  chloride  of  potassium. 

T>6cle  &  Co.,  Eocourt.   Exhibited  alcohol  and  by-products.  B^un  *  ^'' 
In  this  establishment  the  residues  calcined  yield  daily  11,000 
kilos  of  crude  salts  contaming  92  per  cent,  carbonate  of  pot- 
ash and  1^  per  cent,  of  carbonate  of  soda. 

Bogelet,  Houzeau,  &  Co.,  Eeims.   Had  potash  and  saline   Kogei^  Hon- 
matters  extracted  from  suint  of  wool.  Beims. 

G.  Desmazures  &  Co.,  Maisons-Laf&tte :  Fabrique  estab-    c.  Desmaamw 
lished  in  1869  with  207  horse-power,  and  manufacture  an-  Laffltti.^'*^''*" 
noally  1,000,000  kilos  of  borax  from  Turkish  borate  of  lime. 
They  contributed  a  very  handsome  collection  of  specimens 
of  borax,  boracic  add,  and  borate  of  manganese,  etc. 
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p't^<^»-  Pechiney  &  Co.,    Salindres:    This   establishment  was 

okemidaivorkt.  founded  in  1856  by  H,  Merle,  one  of  the  most  distinguished 
sTiiSdSSr^^''"  industrial  chemists  of  France,  who  died  in  July,  1877.    Af- 
ter the  discovery  of  marvelous  deposits  at  Stassftirtb,  the 
very  large  interests  in  France  involved  in  the  production  of 
potash  salts  from  sea-water  by  Balard's  process  were  threat- 
Merle's  im-  ©ned  with  entire  ruin.    Merle  succeeded,  however,  after  sev- 

provaments      in  '  ^ 

ti^oprodu^onof  eral  years  assiduous  labor  and  study,  in  bringing  to  bear 

improvements  in  every  stage  of  the  process,  and  by  that 
means  economizing  the  operations  to  such  a  degree  as  to 
place  the  industry  on  a  footing  enabling  it  to  compete  with 
the  natural  deposits.  Valuable  improvements  in  the  coke 
towers  for  the  absorption  of  hydrochloric  acid  are  likewise 
due  to  him. 
Pyrites  mines.  The  Company  posscsscs  pyrites  mines  in  Gkurd  and  Ar- 
dtehe,  worked  by  220  miners  and  150  horse-power,  raising 
annually  40,000,000  kilos  of  pyrites.  At  Oiraud  it  has  ex- 
Siatwvriu.  tensive  salt  works,  capable  of  an  annual  production  of 
100,000,000  kilos,  and  an  establishment  for  treating  the 
mother-liquors,  which  yields  annually: 

KUoa. 

Salpbate  of  soda  (hydrated) 4,000,000 

Sulphate  of  magBesia 2,000,000 

Chloride  of  potassium 1,200,000 

The  two  are  worked  by  a  force  of  160  operatives  and  150 
horse-power, 
workeatsaiin-  The  works  at  Salindrcs  employ  950  operatives  and  possess 
300  horse-power.  Use  is  made  of  the  Schafi&ier-Mond  method 
for  the  regeneration  of  sulphur  and  of  Weldon's  process  for 
the  reviving  of  the  manganese  used  in  the  production  of 
chlorine, 
conmunptkni     The  annual  consumption  of  raw  materials  is : 

ocrftwmAtenaL  tctwt^ 

Coal 50,000,000 

Pyrites 15,000,000 

Salt 15,000,000 

Limestoue 25,000,000 

Fossil  phosphates - 1,700,000 

Chloride  of  potassium 500,000 

Bauxite 500,000 

AnnnAiptodac.     The  annual  production  is: 

tton.  KUoe. 

Soda 12,000,000 

Chloride  of  Umo 2,800,000 

Chlorate  of  potassa 400,000 

Phosphate  of  lime  (precipitated) 800,000 

Sulphur  (regenerated) 600,000 

Sulphate  of  alumina 500,000 

Aluminium • 1,600 

Sodium 6,000 
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The  exhibition  of  aluminium  was  especially  noteworthy.       "^<^'- 

Aluminium  is  now  made  chiefly  in  France^  and  only  by  0k$mieaivwrk9. 
this  establishment,  it  and  the  '^  Soci^t^  Anonyme  de  Alumin- 
ium ^  are  the  most  extensive  producers  of  ornamental  and 
other  objects  from  this  metal  and  its  alloys.    M.  Pechiney  sSStosf  *^^" 
&  Go.  exhibited  aluminium  in  blocks,  wire,  sheets,  and  foil.   Aiamininm. 
The  Soci6t6  Anonyme  exposed  a  great  variety  of  objects,  ^i^ij^*^  *** 
from  a  thimble  and  x)en-holder  to  complete  dinner  sets,  of 
aluminium  bronze  and  of  the  pure  metal.    The  bronze  ap-  bHnw^^'*'**"^"™ 
pears  to  find  more  &vor  with  the  public  than  the  pure  metal, 
on  account,  perhaps,  of  its  lower  price  and  beautiful  golden 
color.    The  prices  of  some  of  the  articles  are  as  follows : 
Aluminium  bronze  tablespoons  cost  from  $2  to  $2.50  each; 
teaspoons  from  $3  to  $5  per  dozen ;  pure  aluminium  thim- 
bles 1^5  cents  each.    A  number  of  small  articles  made  from 
woven  aluminium  wire  were  much  admired. 

Clermont  Fils,  Lemaire  &  Fischer.  Exhibited  telescopes,    aermont  nu, 
opera  glasses,  and  other  optical  instniinents  mounted  wholly  S?»-»"  *''«=''• 
or  in  part  in  aluminium .   They  presented  a  novel  and  elegant  ,n^t«  Sa  taSS 
appearance  and  were  very  light.    Chemical  balances  madeoe«ix><^iammimn. 
entirely  or  in  part  of  this  metal  were  exhibited  by  A.  Collet, 
which,  when  loaded  with  100  grams  on  each  pan,  were  sen- 
sitive to  the  0.1  millegram  or  one  millionth  of  the  load  on 
each  pan;  the  price  was  2,000  francs.   Johnson, Matthey,^J«i^M^  m»^ 
&  Co.,  of  London,  exhibited  coins  or  tokens  made  of  an 
alloy  of  98  parts  of  aluminium  and  2  parts  of  nickel,  which  ^i^^'™*^* 
are  very  light,  hard,  bright,  and  not  liable  to  tarnish  like 
silver.    This  alloy  takes  and  preserves  a  high  polish  and 
very  sharp  impressions  when  stamped,  and  api)ear8  well 
adapted  for  coinage.    An  alloy  of  this  metal  with  silver  is 
said  to  be  used  to  considerable  extent  in  the  manu&bcture 
of  some  varieties  of  jewelry. 

Soci^t^  Anonyme  desProduitsOhimiques  pour  les  Sciences  pj^^^ch^ 
et  riudustrie,  Paris :  This  exhibit  was  quite  interesting,  con-  ^^  ^^^SSl." 
sisting  of  a  large  collection  of  various  products,  such  as 
thallium  salts,  uranium  salts,  urea,  gallic  acid.  Among  the 
very  rare  compounds  were  noticed  specimens  of  triphenyl- 
methan  and  benzophenon,  pi^par(3d  by  the  new  synthetic 
method  of  Crafts  and  Friedel,  by  means  of  chloride  of  alu- 
minum. 

Poulenc  &  Wittmann,  Paris.  Exhibited  a  fine  collection  wittiSST^  * 
of  general  chemicals,  cadmium  salts,  bismuth,  permanga- 
nate of  potassa  in  very  large  crystals,  and  photographic 
chemicals. 

Tessi^  du  Motay,  Paris :  ChemicaLs  for  bleaching  purposes,    xesaM  dn  mo- 
and  bmoxide  of  banum. 
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^^^^'  Malaton  &  Co.,  Lyon :  Tartaric  and  citric  acids,  with  their 

Ohcmiealvwrkt,  galtS* 

^Muiaton&co.,     P.  Morcau,  Lille:  Mineral  acids,  various  sulphates,  ohlo- 
p.Moreaii,Lme.  rofomi,  ether,  and  a  fine  specimen  of  tannin. 
FftUTo  &  KesB-     Faure  &  Kessier,  Clermont-Ferrand :  Superphosphates, 
Forrand.  silico-fluoridcs  of  the  alkalics,  hydrofluoric  acid,  various 

derivatives  of  fluor  spar,  preparations  for  etching  on  glass, 
chlorate  of  potassa,  apparatus  for  the  concentration  of  sul- 
phuric acid  to  660  B.  Since  1873  this  firm  has  delivered 
sixty-two  of  their  form  of  evaporators,  ranging  in  capacity 
from  1,000  to  5,000  kilos  of  a<5id  per  day. 
ii^Paria!*'^*^*     ^'  Dubois-Caplain,  Paris:  Nitrate  of  silver,  chlorides  of 

gold,  platinum,  and  palladium,  metaUid  platinum  and  pal- 
ladium. 
B^\^ki°'!^'     ^®  Dienheim-Brochocki,  Boulogne.    Exhibited  sulphite 
logne.  of  alumina,  disinfectants,  ^^  chlorozone"  for  bleaching. 

BiUftiOt  ft  BU.     Billault   &   Billaudot,  Paris:    This  establishment  was 
founded  in  1815,  and  now  gives  employment  to  60  opera- 
tives.   It  exhibited  a  remarkably  fine  and  complete  collec- 
tion of  nearly  all  chemicals  required  in  the  arts  and  sciences, 
saperb  exhibit.  It  was  a  supcrb  display  and  surpassed  by  fiar  any  general 
exhibition  of  chemicals  in  the  Exposition.    Especially  note- 
worthy were  the  rich  and  brilliant  crystals  of  bismuth, 
erythrit,  and  a  number  of  double  cyanides  of  platinum 
with  other  metals ;  osmic  acid,  indigotine,  citrate  of  iron, 
subnitrate  of  bismuth,  tannin,  gallic  acid  (serving  for  the 
manu&cture  of  pyrogallic  acid,  now  extensively  used  fi)r  the 
fabrication  of  some  new  and  very  beautiful  coloring  mat- 
ters), chlorate  of  barium,  phosphide  of  calcium,  etc. 
FSdJmt^*^     Bordet  Frferes,  Proidvent :  Acetic  acid  and  various  ace- 
tates. 
nSS""/^  cS**     Camus  Fr^res,  Nepel,  &  Co.,  Paris :  Fine  exhibit  of  acetic 
Puis.  '  acid  and  metallic  acetates.    (This  firm  has  on  the  Official 

Catalogue,  among  the  articles  exhibited,  m^thyUne.) 
j^coiieotwe  wtj     Collective  exhibit  of  the  Manufacturers  of  Alum  and 
wiiphateof  iron.  Sulphate  of  Ivoji  I  The  five  firms  represented  produce  annu- 
ally 6,000,000  kilos  of  alum  of  various  degrees  of  purity, 
and  6,000,000  kilos  of  ferrous  sulphate,  from  the  alumino- 
ferrous  lignite  of  the  region. 
A.  Hatter  ft     A.  Huttcr  &  Co.,  Montpellicr :  Sulphate  of  alumina  pre- 
^^  pared  from  bauxite  by  Butter's  method  (precipitation  of 

the  oxide  of  iron  by  means  of  zinc),  of  which  the  firm  turns 
out  annually  3,000,000  kilos. 

muS?!^,  w^:    ^^^  ^^)  Pommier,  &  Co.,  N^oyon:  Sulphate  of  alumina, 
«•  alum. 
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Pommier  &  Co.,  Gcnnevilliers :   Alum  and  sulphate  of      "^'^ 

alumina.  Ohemieal  wtrka. 

Mines  of  Bonxevilier^  Laneuveville :  This  establishment  pommierACo., 
was  founded  in  1820  and  is  one  of  the  most  extensive  in  ^J^^^^^^ixo. 
France.    It  exhibited  <»  magnificent  collection  of  crystals  of  ^^<^' 
prussiate  of  potash. 

Le  Moulin,  St.  Denis :  Cyanide  and  prussiate  of  potas-  D^j?***"^"'  ^ 
slum,  salts  of  tin  and  caustic  alkalies. 

A.  de  Plazenet,  Pari&  Exhibited  a  fine  collection  of  pure  pj^**®^*"*"*"*** 
fthAmiftalw  for  the  laboratory,  and  of  all  chemicals  used  in 
electro- metallurgy.    The  annual  production  of  this  estab- ^^"^p"***^ 
liahmeat  is  as  follows: 

Kttoa. 

Nitrieacid 600,000 

Cyanide  of  potMsimn  (of  wUoh  10,000  kUo«  are  pure) 60,000 

Hydrooyanic  acid 3,000 

Sulphate  of  zinc 90,000 

Caoatio  alkalies 15,000 

Pyrophoephate  of  soda 12,000 

Solphate  of  nickel 15,000 

Hydrofluorio  acid 8,000 

Various  cyanides,  ferro-cyanides,  bisulphite  of  soda,  and 
salts  of  gold,  silver,  and  platinum,  to  the  value  of  $140,000 
annually. 

Daubin,  Paris.  Bxhibited  benzoic  acid  manufactured  DanUmPadK 
froxa  the  urine  of  the  cattle  in  the  Paris  abattoir.  Six 
thousand  head  of  cattle  are  received  weekly,  and  the  amount 
of  urine  collected  in  the  same  length  of  time  is  15  cubic 
meters,  which,  at  the  rate  of  6  kilos  per  cubic  meter,  yields 
90  kilos  of  benzoin  weekly,  at  a  cost  of  8  fte.  per  kilo.  The 
annual  yield  is  4,700  kilos,  amounting  to  37,600  frs.  or  $7,520. 

Platinum  apparatua,  ra?^*"*™*^^ 

Dementis,  Quenessen,  &  Le  Brun,  Paris.   Exhibited  plat-   DemontiisQae- 

innm  stills,  round  and  ellipsoidal ;  also  a  large  variety  of  |^!J^^^   ^ 

objects  in  platinum  for  technical  use,  osmium  in  wire  and 

idieets,  palladium,  ruthenium,  osmium-iridium. 

Godart  &  Gontenau^  Paris:  Orucibles  and  other  objects ^j^^^^^Can- 

in  platinum. 
H.  Chapnis,  Paris.    Exhibited  Faure  &  Kessier's  appa-      h.  chapaiB. 

latas  for  concentrating  4,000  kilos  of  sulphuric  acid  daily, 

palladium  sponge,  iridium ;  stills  for  preparing  hydrofluoric 

acid. 

aBEAT  BRITAIN.  obrat  uhttain. 

The  chemical  industries  of  England  stand  undeniably  far  onat  Britain 
in  advance  of  those  of  any  oiher  country,  not  only  in  SjheJ^^^^triSf 
inspect  to  extent  but  also  with  regard  to  the  rapid  march  of  ^^Jl^j;'''^  ^ 
lmi»ov«nent.    This  position  is  due  to  a  variety  of  causes. 
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OBKAT  BBTTAPf.  Fjrst  Biid  pnDcipally  must  be  mentioned  the  immense  «np- 
ply  of  good  coal  in  advantageous  proximity  to  the  harbors 

iwS'^^vanSge  ^^  ^^®  natural  raw  materials  required  in  various  industries. 

SidSitnS^. T^®^  come  the  numerous  extensive  havens  and  the  excep- 

tatioD.  tional  maritime  position  of  England,  allowing  cheap  trans- 

port to  all  parts  of  the  world  of  the  heavier  chemical  man- 
ufactures. Other  valuable  adjuncts  are  to  be  found  in  the 
Her  colonial  widespread  colonial  system,  the   long-continued  freedom 

Sfstabmt^     from  war  or  revolution,  and  the  rapid  contemporaneous 

development  of  other  manufeictures  depending  on  chemical 
products. 

BriuS^SSS^ii     ^  ^®^  statistics  will  afford  a  glimpse  of  the  present  con- 

fndustzies.         ditlou  of  Great  Britain's  chemical  industries.    Among  the 

imports  of  raw  material  for  the  year  1878,  are : 

Kilos.  Value. 

Sulphor 44,500,000  |1,S35,000 

Copper  and  iron  pyrites 609,000,000  7,060,000 

Saltpeter 13,400,000  1,427,000 

Nitrate  of  soda 96,400,000  7,250,000 

■iS"jOTmd**^'    The  amount  of  sulphur  imi)orted  diminishes  slowly,  while 

r^^-  the  quantity  of  pyrites  imported  has  been  tripled  within  ten 

years.    It  is  estimated  that  over  800,000,000  kilos  are  man- 

^ProductioD  o'ufactured  annually.    In  1875  the  production  of  salt  was 

2,316,644,000  kilos.  The  soda  manufiaAsture,  based  on  these 
two  articles,  possesses  proportions  equally  vast  In  the 
following  table  a  view  is  afforded  of  its  condition  in  1876 
and  of  its  growth  during  the  preceding  fourteen  years : 


flteMrtlMofao. 
d»  numnftwtare.  Valaeof  theaDnnalprodoetion. 


Weight  of  the  products  (dry) kiks. 

Baw  mftterial  used ^ kiks. 

Salt do  . 

Coal do.. 

Limestone do.. 

Lime do.. 

Pyrites ..  do.. 

Nitrate  of  soda do.. 

Peroxide  of  maaganeae do . . 


Capital 


Annnal  cost  of  repairs 

Annnal  cost  of  repairs  and  pacUng. 


Operatives number. 

wages  of  same 

Weight  of  prodnots  exported klLos. 

Valne  of  same 


1802. 


$12,600,000 


280,000,000 


254,000,000 
061,000,000 
280,600,000 


264,000,000 

8,800,000 

83,000.000 


1, 801, 400, 000 


$10,000,000 


$077,500 


10,600 
$2, 747, 000 


104,  7G2,  000 
$4, 425, 000 


1876. 


$32,500,000 


845,000,000 


638,600,000 

1,880,000,000 

588,000,000 

180, 000, 000 

876,000,000 

12,200,000 

18,200,000 


3,562,000,000 


$33,000,000 


$3,500,000 


22,000 
$7,025,000 


270,856,000 
$11,045,000 


^^faportofsoda,     j^^  amouut  of  soda  exported  in  1878,  based  on  the  sta- 
tistics for  the  first  8  months,  was  about  275,000,000  kilos, 
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pofisesfiing  a  value  of  $9,672,000.     The  destinations  were  qb»a-^  bmtaiw. 
the  following : 

Kilos. 

Rnssia - 22,500,000    Soda  exported 

to        res] 
coimtrles. 


Germany 40,300,000***       wepectlvo 


HoUand 18,200,000 

Belgium 12,200,000 

France 11,25,0000 

United  States 115,400,000 

Other  countries 54,150,000 

The  extent  of  the  alkali  industry  of  Great  Britain  is  such  ^iSitodS^Sf 
at  present  that  it  allows  the  introduction  of  labor-saving  Britain, 
machines  on  a  largQ  scale,  far  beyond  the  meaus  of  most 
Continental  manufacturers,  and  it  is  probable  that  her  su- 
premacy in  this  branch  will  be  maintained  far  in  the  future. 
As  an  instance  of  the  gigantic  scale  on  which  this  manu- 
fieusture  is  conducted  in  England,  it  may  be  mentioned  that 
the  three  establishments  of  Allhusen,  Jarrow,  and  Tennant 
produce  more  than  all  the  twenty  works  of  Grermany. 

Bleaching  powder,  which  forms  such  an  important  adjunct  ^J******^p*^' 
to  the  alkali  manufacture,  is  produced  to  the  extent  of  over 
100,000,000  kilos  annually,  and  it  is  almost  exclusively  to 
English  inventors  that  the  improvements  in  this  branch  are 
due.    The  annual  production  of  iodine  in  Great  Britain  is    iodine. 
over  50,000  kilos. 

The  exhibition  of  the  productions  of  the  soda  manufact- 
ure, as  well  as  of  other  leading  chemical  industries,  although 
presenting  many  points  of  interest,  was  far  from  offering  a 
fiiir  view  of  their  vast  extent.    Many  great  establishments  OK^mieaiworki, 
were  not  represented  at  all  at  the  Exposition. 

Forster  &  Gregory,  Streatham  Common.    Exhibited  sul-  roirter&GPDg- 
^lide  of  carbon,  sulpho-carbonate  of  potash,  tetrachloride  of  common. 
carbon,  chloride  of  sulphur,  xanthate  of  i)otash,  chemicals 
for  coloring  and  vulcanizing  india-rubber. 

Boyd,  Son,  &  Co.,  Dublin :  Sulphate  of  soda  prepared  ^7  c^^iS^i^'  ^ 
Hargreaves's  method,  richness  99.47  per  cent.;  chloride  of 
lime,  available  chlorine=:38.7  per  cent. 

De  Soto  Alkali  Company,  Widnes:  Black  ash,  soda  crys-  n^JS^'^^'^^ 
tals,  fine  caustic  soda  of  60  and  70  per  cent. 

Gilding,  Davis,  &  Co.,  Widnes :  Caustic  soda  (62  and  67  Ooidinff.  Davu. 
per  cent),  chloride  of  lime  (40  per  cent.  CI),   sulphate  of*^^'    ^^^ 
soda  manufactured  by  Hargreaves  &  Bobinson's  process, 
containing  but  0.02  of  chloride  of  sodium.    Weekly  turn-out 
of  various  products,  500,000  kilos. 

Bnncom  Soap  and  Alkali  Company,   Widnes:   Various ^^^aSSS (£*' 
products  of  the  soda  manufacture,  sulphate  of  soda  by  Har- 
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QMiAT  BMTAHf.  gxeaves's  process  (98  per  crat),  oaostio  soda  (60  and  70  per 

OJ^nnieal  toorkt.  Cent.). 

Co.,  K^^^caSS^     Tyne  Alkali  Company,  Newcastle :  Soda  asli  (52  per  cent), 

chlorate  of  potash,  satin  white  from  bariam  carbonate. 

BtS^^^""'     Pennant  &  Co.,  St.  RoUox,  J.  Mactear,  director:   A  re- 

markably  fine  exhibit  of  products  representing  every  stage 
in  the  manufacture  of  soda  and  the  utUization  of  the  waste 
products.  Begeneration  of  oxide  of  manganese  by  Dunlop's 
method.  Mactear  fuma<^  for  preparing  the  carbonate,  7 
meters  in  diameter,  requiring  30  per  cent,  of  coal,  producing 
150,000  kilos  weekly,  and  effecting  an  economy  of  00  par 
cent,  on  the  previous  furnaces.  By  the  Mactear  method 
for  recovering  the  sulphur  in  the  waste  products,  viz,  tlie 
decomposition  of  the  sulphides  of  calcium  by  hydroohloric 
add,  in  the  presence  of  sulphurous  acid,  which  has  been  in 
operation  for  six  years,  6,500,000  kilos  of  sulphur  have  been 
extracted  and  saved. 

chOTSMi^'^cS^     l^orth  British  Chemical  Company,  Glasgow:   Employs 

GiMgow.         *  200  operatives.    Salts  obtained  from  the  charcoal  of  sea-weed 

which  has  been  exposed  to  destiructive  distillation ;  ammonia 
and  acetic  acid  obtained  from  the  products  of  the  distilla- 
AnniuJpiodiio-  tiou.    Annual  production : 

tlon.  Kfloflk 

Iodine 25,000 

Bromine 2,500 

Iodide  of  potaasinm 25,000 

Bromide  of  potassium 25,000 

Caueticsoda 2,000,000 

Chloride  of  potassium 1,000,000 

Chlorate  of  potash ^ 100,000 

As  a  by-^product  large  quantities  of  the  disinfisctant  called 
cuoiioidoiiim.  ^^chloiiealGium"  are  obtained  from  the  residues  of  chlorate 
of  potash*  manu&cture.    Sea*  weed  charcoal  is  another  by- 
product of  this  industry,  which  has  been  largely  applied  to 
sewage  liquors.    Specimens  of  acetate  of  lime  and  sulphate 
of  ammonia  as  resulting  iVom  the  subsequent  distillation  of 
this  substance  were  on  exhibition. 
jj^w|^ve«^^&     Hargreaves  &  Bohinson,  Widnea   Exhibited  their  appa- 
nes.  ratus  for  the  manufacture  of  sulphate  of  soda  by  the  direct 

action  of  sulphurous  acid  on  common  salt  prepared  for  the 
purpose, 
w.  weidon,     W.  Wcldou,  Bairstow:    Exhibited  a  complete  model  of  the 
^**^™*®^'  works  necessary  for  carrying  out  his  process  for  the  regen- 

eration of  manganese  used  in  the  chlorine  manu£aicture;  also 
a  series  of  specimen  products. 
the°^?%  £n.     Johnson,  Matthey,  &  Co.,  London :  This  celebrated  firm 
c^n- '        '       had  a  very  fine  and  extensive  display  of  platinum  apparatus 
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for  use  in  large  chemical  industries ;  sulphuric  acid  concen-  ob»at  BmrAiN^ 
trator;  platinum  metals,  including  a  large  ingot  of  palla-  Ohmnieaivwrkt, 
dium  weighing  08  J  kilos  and  valued  at  $50,000,  and  2  kilos  of  j^'J^j^'J  ^ 
ruthenium  valued  at  $8,000 j  crystallized  osmium;  paUa-*®"-' 
dium  disk  containing  1,000  times  its  volume  of  occluded 
hydrogen ;  spongy  iridium,  etc. 
Chambers  &  Co.,  London  :  Established  in  1837 ;  exten-  ^   Cbanibeni  a 

Co.,  LondoiL 

sive  exhibit  of  general  chemicals. 

Hurlet  and  Campsie  Alum  Company,  Glasgow:  Exhib-  Huriet&camp- 
ited  fine  specimens  of  red  and  yellow  prtissiate  of  potash.     ouMgotr™     **' 

T.  Jennings,  Cork.   Exhibited  his  well-known  carbonate^   t.  jeimiiiga, 

*=>  '  Cork. 

of  magnesia  and  calcined  magnesia. 

Langthome  Chemical  Works,  Stratford.     Displayed  O'chemi'^i^^^rEJ 
large  and  fine  collection  of  pure  chemicals  and  rare  com-  stntford. 
pounds. 

J.  T.  Eeadman,  Glasgow.    Sent  a  fine  exhibit  of  phos-^J-T.Bfiadmaa, 
phate,  sulphite,  and  stannato  of  soda,  citric  acid  and  phos- 
phorus, with  specimens  showing  the  various  stages  in  the 
different  processes. 

P.  Spence,  Manchester:  Handsome  display  of  alum  crys-^J^^»<^^**»- 
tals,  forming  a  column  12  to  14  feet  in  height.  The  weekly 
production  of  this  salts  is  200,000  kilos,  and  its  puritiy  is  so 
great  that  it  is  said  to  contain  but  0.0002  per  cent,  of  oxide 
of  iron.  Alumino-ferric  cake,  prepared  from  bauxite  and 
used  for  sizing  brown  paper  and  for  purifying  muddy  water, 
sewage,  and  the  waste  of  factories. 

Washington  Chemical  Works,  Newcastle :  Pure  carbon-  ^  T'^S??!?? 
ate  of  magnesia  m  enormous  blocks.  Newcastle. 

6BEEGE. 


This  country  is  almost  devoid  of  interest  in  a  chemical 
point  of  view,  having  but  two  exhibits  in  this  branch. 

V.  M61as,  of  MilofiL   Exhibited  sulphur  from  the  mines  ot^-  ^^^  ^• 
Milos,  which  furnish  an  ore  which  yields  from  15  to  40  per 
cent,  of  sulphur.    The  ore  is  treated  by  the  method  of  Cal- 
caroni  or  by  the  system  of  Doppioni. 

A.  CordeUa,  Z^phyria :  Specimens  of  alum  obtained  ftx)m     ^  Ooradia, 
the  ancient  alum  mines  of  Milos. 

All  the  salt  necessary  for  consumption  in  the  countiy  is 
extracted  frt)m  sea-water.      Specimens  of  this  necessaiy   seMiat 
chemical  were  exhibited  from  Anaryssos  (Attica),  Domtr^ne 
(Thebes),  Tfaermissia  (Spetzia),  Lamia  (Phthiotide),  Mis- 
solonghi,  Kaxos,  Leucade,  Zonte,  and  Corftu 
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HOLLAMP.  HOLLAND. 

The  chemical  industries  of  Holland  are  mainly  subordi- 
nate to  the  stearine  works,  the  sulphuric  acid  produced 
barely  sufficing  for  the  saponification  of  the  tats  consumed 
in  the  works. 

Co..^8tS3LJ'  Hartogh  &  Co.,  Amsterdam:  Established  1872.  Bisul- 
phide of  carbon  prepared  by  a  new  process  at  a  cost  of  but 
7  cents  per  kilo.  It  is  chiefly  used  in  the  establishment  for 
the  extraction  of  oils  from  the  residues. 

^SS^ai.  ^''"     Ke^jen  &  Co.,  Amsterdam :  Established  1835 ;  employ  29 

workmen  and  15  horse-power;  produce  sulphuric  acid,  nitric 
acid,  hydrochloric  acid,  sulphates  of  soda  and  iron,  the 
annual  production  of  sulphuric  acid  being  2,500,000  kilos. 
The  vitriol  chambers  have  a  capacity  of  6,000  cubic  meters. 

zw(^^  *  ^®'  Krol  &  Co.,  Zwolle :  Produce  superphosphates  and  sul- 
phate of  ammonia,  specimens  of  which  were  on  exhibition. 

"^^'  ITALY. 


preraS^  devS     '^^  absence  of  coal  deposits  and  the  general  scarcity  of 
^"imdiiBtrioB!"^'  combustible  matter  of  every  description  have  hindered  the 

chemical  industries  of  Italy  from  making  the  rapid  develop- 
ment which  would  otherwise  have  been  expected  from  the 
mineral  treasures  of  the  kingdom.  Although  the  number 
of  exhibitors  was  large,  the  number  of  firms  of  importance 
represented  was  exceedingly  limited.  The  extraction  of 
^^t^^^S^t  sulphur  forms  a  most  important  branch  of  industry  in  the 
branch  ofiiidu».ijjjjg^jQm^     The  total  amouut  extracted  yearly  is  about 

280,000,000  kilos.  It  gives  employment  to  22,817  workmen. 
Sulphuric  acid  is  manufactured  in  7  establishments,  4  of 
which,  however,  consume  in  other  operations  the  acid  they 
produce      With  the  exception  of  the  firm  of  Sclopis  & 

^^^hnrio^id  Bechis,  at  Turin — ^who  use  pyrites — all  of  the  works  prepare 

the  acid  directly  from  sulphur.  Large  quantities  of  sul- 
phuric acid  are  imported,  mostly  from  France.  A  single 
establishment  for  the  manufacture  of  soda  has  been  in  oper- 
Bonwio  add.  atiou  at  Lcghom  since  1872.  Next  to  sulphur,  boracic  acid 
is  the  most  important  natural  product.  In  Tuscany,  besides 
the  seven  establishments  belouging  to  the  famous  Larderel 
family,  there  are  three  others  of  less  imx)ortance.    The  total 

AsBQiaprodiiot.  annual  production  amounts  to  2,500,000  kilos. 

On  the  island  of  Yulcano  an  English  company  extracts 
annually  3,000  kilos  of  this  acid  from  the  emanations  of  the 
still  active  volcano.  Cream  of  tartar  and  tartaric  acid  en- 
gage the  attention  of  a  number  of  smaller  manufacturers. 
Alum  is  manufactured  on  a  large  scale  in  three  establish- 
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ments  in  Central  Italy.    Notwithstanding  her  natural  rich-       "^^' 
ness  in  dolomite,  Italy  prepares  but  one-half  of  the  magne- 
sia compounds  required  in  the  kingdom.    Bisulphide  of  car-  a^^^^  '^^ 
bon,  used  to  a  considerable  extent  for  the  extraction  of  oils 
from  the  residues  of  the  oil  presses  and  from  other  matters,  is  oJboS^^^*  ^ 
manu£Actured  by  two  firms  to  the  extent  of  500,000  kilos 
annually. 

Sulphur,  in  the  natural  state  as  well  as  refined,  was  dis-   xxhiuton  of 
played  by  fifteen  exhibitors,  the  most  of  whom  were  from 
Sicily.    Their  names  and  addresses  are  as  follows : 

Albani  Mines,  at  Pesaro :  Annual  product  in  all  forms 
1,000,000  kilos. 

Chamber  of  Commerce  of  Caltanissetta. 

Chamber  of  Commerce  of  Catania. 

Chamber  of  Commerce  of  Girgenti. 

A.  Cangiotti,  Pesaro:  Annual  production  about  1^600,000 
kilos. 

Cesena  Sulphur  Company,  limited. 
IS.  Dellamore  &  Co.,  Cesena. 

D.  Di  Marzo,  Tufo. 
O.  Di  Marzo,  Tufo. 

F.  P.  Pantano  &  Son,  Assoro. 

E.  Buffi,  Bimini :  Annual  production  1,000,000  kilos. 
Bomagna  Sulphur  Company,  Bologna. 

General  Sulphur  Company,  Brescia :  Production  700,000 
kilos. 
Nicotera  &  Co. 

F.  Zampari,  Altarilla. 

Pereira,  Mario,  &  Co.,  Pisa-   Employ  30  workmen  and  ^S^^R^'^**^ 
produce  2,000,000  kilos  of  bisulphide  of  carbon  annually, 
the  whole  of  which  is  used  for  the  extraction  of  oils  and  of 
sulphur. 

Society  Auonima  per  la  Fabbricazione  delle  Soda,  Leg-  i^^iJibriS^^dSle 
horn :  Established  1872 ;  exhibit  various  products  of  the  Soda,  Leghorn. 
soda  industry,  sulphates  and  borates.    This  establishment 
is  the  first  erected  in  Italy  for  the  manufacture  of  soda,  and 
is  still  comparatively  in  its  infancy. 

B.  Baroncelli,  Florence :  Bicarbonates  of  soda  and  potash,    b.  BAronoeiii, 
Candiani  &  Biffi,  Milan.  Have  60  operatives }  capacity  of       Candiaoi  a 

vitriol  chambers  1,500  cubic  meters.  The  establishment^^ 
consumes  annually  540,000  kilos  of  sulphur,  and  manufac- 
tures 3,300,000  kilos  of  culphuric  acid  at  50^  B.  Other 
products  are  nitric  acid,  407,000  kilos  ^  hydrochloric  acid- 
203,500  kilos ;  sulphate  of  zinc,  25,000  kilos ;  preparations  of 
iron  for  paints,  150,000  kilos ;  sulphate  of  soda,  550,000  kilos ; 
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"^^'       sulphate  of  alumina,  300,000  kilos ;  soluble  silicates,  20,000 

kilos ;  superphosphates,  50,000  kilos, 
soigiifl,  Rj.     Sdopis,  Bechis,  &  Co.,  Turin:  Established  in  1812 j  ca- 
^nn.  '  pacit^  of  vitriol  chambers  8,000  cubic  meters.    Since  1S5G 

this  house  has  found  it  advantageous  to  replace  Sicilian  sul- 
phur by  the  rich  pyrites  of  the  Aosta  Valley.  It  likewise 
makes  extensive  use  of  giobertite,  a  very  pure  hydrocarbon- 
ate  of  magnesia  found  in  the  neighborhood,  for  the  manu- 
facture of  sulphate  of  magnesia. 

of  rSHSSSfir  ^^"«*l  consumption :  ^^ 

Pyrites 3,000,000 

Coal 2,000,000 

lion  refuse 120,000 

Giobertite 400,000 

Gas  water 860,000 

Amuulprodno-  ^flUBftl  prpdnetion : 

Sulphuric  acid,  SO^B 3,000,000 

Sulphate  of  iron 350,000 

Sulphate  of  magnesia 500,000 

Sulphate  of  soda 50,000 

Sulphate  of  ammonia 60,000 

Acetate  of  iron 20,000 

Oxide  of  iron , 20,000 

A^l8,^i42     So<?i6t6  G6n6rale  des  Alums,  Civita  Vecchia :  Alum  and 

veSoSfc  sulphate  of  alumina. 

A.  Contiy  Gastro-caro :  Iodine,  iodides,  and  bromides  from 
the  mother-liquors  of  mineral  waters, 
p.camboiii,  P.  Camboni,  Brescia:  Handsome  exhibit  of  carbonate  of 
magnesia,  of  which  40,000  kilos  are  produced  annually  by 
25  operatives.  The  dolomite  from  the  vicinity  of  Lago  di 
Guarda  is  burned  in  kilns  and  treated  with  water.  The  hy- 
drates of  lime  and  magnesia  are  then  treated  with  an  ex- 
cess of  carbonic  acid  obtained  from  the  kilns,  and  the  solu- 
tion of  bicarbonate  of  magnesia  separated  from  the  carbon- 
ate of  lime.  On  boiling  the  solution  a  very  fine  carbonate 
of  magnesia  is  precipitated  as  a  light  powder. 
F.  db  Lwdeiei,     ^'  ^^  Lardcrcl,  Leghorn :  Boracic  acid  extracted  from  the 

Leghorn.  fdmcrolcs  of  Tuscany.    The  extraction  of  this  acid,  begun 

by  Francis  Larderel  in  1848,  is  now  conducted  in  seven  dif- 
ferent establishments  and  occupies  ovet  1,000  operatives. 
The  annual  yield  is  about  2,000,000  kilos. 

TOBWAT.  NORWAY. 


Ghemical  works  in  Norway  are  still  few  in  number,  lim- 
ited in  extent,  and  do  not  supply  the  chemicals  required  in 
the  land.  The  absence  of  cheap  fuel  is  an  insurmountable 
obstacle  to  progress  in  this  branch  of  industry'. 
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Ghemical  Works  of  StaTanger:  The  various  products  of     hqbway. 
the  socla  industry^  sulphuric  and  hydrochloric  acids.  chemioaiwoiks 

Lysaker  Chemical  Works,  Ghristiania:   Nitric  and  s^- **Lv8akOTCheini. 
phuric  acids.  oia  Works. 

Leeren,  Trondhjem :  Bichromate  of  potassa.  i^'^  '"^*" 

Jacobsen  &  Co.,  Fredriksstad :  Oxalic  acid  manufiM^tured ^^S^S^^' 
from  saw-dust ;  a  handsome  exhibit. 

RUSSIA.  mrnuL, 


Notwithstanding  the  enormous  market  open  in  the  empire 
itself  and  in  the  adjoining  Orient,  Bussia  makes  but  slow   slow  progreas. 
progress  in  the  chemical  arts.    Among  the  more  apparent 
hinderances  to  a  more  rapid  development  are  the  absence  of  ^^^^  *®  ^^ 
sufficient  means  of  transport,  the  distance  of  the  coal  mines  ^SSoSoaLiack 
from  the  industrial  centers,  and  the  necessity  of  resorting  ^^owtaoryo^ 
to  other  countries  for  machines,  as  well  as  for  persons  of  ence. 
chemical  and  technical  experience.    The  exhibits  offered  but  OhMnie<a  wrrkt. 
little  of  interest. 

Busso- American  Caoutchouc  Manufacturing  Company,  St.  can^caSutSouo 
Petersburg :  This  is  one  of  the  most  extensive  manufactur-  co. 
ing  establishments  in  Bussia  in  which  a  chemical  art  is  car- 
ried on.  It  was  organized  in  1860,  and  has  so  grown  in  ex- 
tent and  importance  in  seven  years  that  its  products  in  1867 
amounted  to  4,000,000  of  rubles.  It  employs  ten  steam- 
engines,  with  an  a^regate  power  of  760  horses,  and  works 
750  male  and  800  female  hands. 

Gompagnie  de  la  Fabrique  de  Tentelevo,  St.  Petersburg :  ^^^^ee^T^ 
60  operatives,  34  horse-power,  value  of  annual  production  teievo,8tPeterB. 
$126,000.    Acids,  refined  saltpeter,   sulphates,    ammonia 
salts,  etc 

K.  Lex)ehkine,  Moscow :  Established  in  1826,  employs  ^-  LepehWno. 
360  hands,  and  uses  3  platinum  stills.  Value  of  annual 
production  $700,000.  This  establishment,  which  before  the 
discovery  of  artificial  alizarine  was  devoted  chiefly  to  the 
manufacture  of  garancine,  is  now  occupied,  for  the  most 
part,  with  the  preparation  of  the  mineral  acids,  various 
sulphates  and  alums,  and  a  number  of  other  salts. 

G.  S.  Basterayeft;  St.  Petersburg:  Established  in  1848,  ^^  It^SSt 
with  120  workmen;    the  various  acids  and  alkalies,  sul-^"^* 
phates,  citrates,  soda  salts,  refined  sulphur.    Annual  pro- 
duction 1,300,000  kilos,  valued  at  $250,000. 

P.  Ouchkoff,  Yelaboug :  Established  1850 :  employs  600  YtHa^^^^^^ 
men  and  runs  12  furnaces :  produces  alum,  sulphuric  acid 
from  pyrites,  sulphate  of  copper  from  copper  pyrites,  chro- 
mate  of  potash.    Value  of  annual  production  $577,000.    This 
establishment  was  the  first  in  Bussia  to  make  use  of  the 
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"^'"^^-  rich  Siberian  deposits  of  chromate  of  iron,  which  had  hith- 
erto been  sent  almost  entirely  to  England.  The  prodacta 
a  e  largely  exi)orted  to  Asia. 

j^PrMig,B«p.     M.  Prang,  Bamaoul,  Siberia:  This  establishment  was 

started  in  1864,  and  produces  soda  salts,  being  the  first  to 
use  the  natural  sulphate  of  soda  obtained  from  Siberian  in- 
land seas.  Articles  exhibited,  soda  and  caustic  soda.  An- 
nual production  550,000  kilos,  value  $42,000. 

niiie.^stp2Si     ^'  Wargounine,  St  Petersburg :  Employs  80  workmen ; 

^^8-  produces  acids,  sulphates,  tin  and  lead  salts,  and  general 

chemicals.    Value  of  annual  production  $126,000. 

^wot«&hii1]6,  Werner  &  Hall^,  Warsaw :  46  operatives,  18  horse- 
power. Produce  annually  $63,000  worth  of  carbonate  and 
sulphate  of  magnesia,  saltpeter,  chromic  acid,  etc. 

BFADT.  SPAIN. 


Spain  possesses  an  immense  wealth  in  natural  products ; 

still  the  great  chemical  industries  have  as  yet  established 

Abimdaace  of  no  foothold  there.    Goal,  sulphur,  pyrites,  salt,  oxide  of 

few  ohemioai  in- maugauesc,  in  fact  all  natural  raw  material  necessary  for 

the  manufacture  of  soda,  are  found  in  abundance,  but  until 

now  they  form  only  leading  sources  of  supply  for  France, 

and  especially  England.    The  annual  yield  of  pyrites  is 

over  440,(100,000  kUos;  sulphur,  1,650,000  kilos;  oxide  of 

manganese,  35,000,000  kilos ;  and  salt,  400,000,000  kilos. 

The  exhibitors  were: 

Bzhibiton.         Gampo  &  Go.,  Haro :  Gream  of  tartar. 

Ghaves  &  Gonzalez,  BoUulos :  Gream  of  tartar. 

S.  Kadal,  Lerida :  Soda  ash. 

Gount  de  Torregrosa :  Soda  ash. 

Lagrera  &  Escales,  Felanix :  Ether. 

Besola  Bros. :  Sulphuric  and  nitric  acids  and  soda. 

Alkalies  and  acids  were  also  exhibited  by  several  English 
firms. 

'i^'^^'  SWEDEN. 

OTowing,bnt     The  chcmical  industries,  although  growing  rapidly,  are  as 
ohemioai  ind^  yct  unablc  to  meet  the  demands  of  the  kingdom.    Sulphuric 
^  acid  is  produced  to  the  extent  of  4,870,000  kilos  annually, 

and  is  consumed  almost  entirely  in  the  manufacture  of  su- 
Snperphoaperphosphates,  of  which  8,600,000  kilos  are  annually  pro- 
duced in  four  factories.  The  wastefdl  preparation  of  potash 
by  combustion  in  the  more  densely  wooded  regions  is  rap- 
idly diminishing.  The  preparation  of  saltpeter  irom  urine 
and  ashes  is  also  becoming  less  customary,  and  now  pro- 
duces but  21,200  kilos  annually.  The  exhibitors  were : 
MinMofstom.     MinoB  of  Stora-Kopparbcrg :  By-products  of  the  rich  py- 
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rites  deposits  of  the  neighborhood,  sulphuric  acid,  oxide »w«i>»»» 

of  iron,  sulphates  of  iron  and  copper,  and  sulphur.  This 
establishment  is  well  known  as  the  scene  of  Berzelins's  dis- 
covery of  selenium. 

SWITZERLAND.  switzbblakd. 


The  almost  entire  absence  of  coal  and  of  deposits  of  raw     ^Deficiency  of 

jt  i_        i_  ccal  and  ntw  ma- 

matorial  requinite  for  chemical  manufactures  has  been  ateriaifor  chemi- 
Henous  drawback  to  the  development  of  these  industries  intnies. 
Switzerland,  and  it  has  been  overcome  on  a  large  scale  by 
but  a  single  firm. 

C.  Jetzler,  Schafifhausen.  Exhibited  a  plan  of  installation  ^YioShJm^^' 
for  a  new  method  of  regenerating  oxide  of  manganese. 

Schnorf  Bros.,  Uetikon :  Established  in  1818  j  employ  schnorf  Broe.. 
100  workmen  and  14  horse-power.  This  establishment, 
founded  for  the  manufacture  of  sulphate  of  copper,  began 
the  manufacture  of  sulphuric  acid  in  1824,  and  in  1870  sub- 
stituted for  Sicilian  sulphur  the  well-known  Lyon  pyrites. 
It  was  the  first  to  overcome  the  natural  difficulties  facing  the 
chemical  industries  in  Switzerland,  resulting  from  a  lack  of 
fuel  and  raw  material,  and  it  produces  at  present  about 
6,000,000kilo8of  chemicals,  representing  a  value  of  $600,000.  ^^^*'*'  ■*** 
Seventy-five  hundred  kilos  of  pyrites  are  used  daily,  the 
sulphuric  add  being  formed  in  four  series  of  vitriol  cham- 
bers, and  two-thirds  of  it  being  used  for  the  preparation  of 
sulphate  of  soda.  The  soda  production  consists  of  350,000  Soda^ete. 
kilos  of  a  very  pure  sulphate  of  soda  and  1,500,000  kilos  of 
aoda  crystals,  750,000  kilos  of  hydrochloric  acid,  250,000 
kiloB  of  chloride  of  lime,  250,000  kUos  of  nitric  acid,  50,000 
kilos  of  tin  salts,  1,500,000  kilos  of  sulphate  of  iron,  750,000 
kilos  of  iron  liquor  (prepared  by  oxidizing  sulphate  of  iron 
with  nitric  acid,  and  greatly  in  request  among  Swiss  silk 
manu&ctnrers),  chloride  of  zinc  for  the  impregnation  of 
railway  ties,  and  pure  adds  and  salts. 

SOUTH  AND  OENTBAL  AMEBIOA.  bouth  ahd  onf- 

TSAL  ikMBBlCA. 

Peru  exhibited  specimens  of  iodine,  saltpeter,  and  nitrate 
of  soda. 

Guatamala  exhibited  white  lead  and  refined  saltpeter  and 
alum. 

The  Argentine  Republic  exhibited  soda  ash,  cream  of  tar- 
tar, and  sulphur. 

UNITED  STATES  OF  AMERICA.  uihisdstatibof 

AMBBICA. 

Iji  general  the  chemical  industries  of  the  United  States 
are  far  removed  from  the  stage  of  development  warranted 
7  P  B ^YOL  4 
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uxTTBD  flTATBB.  fay  |,he  natuKil  Wealth  of  the  coantrj-  and  the  high  degree 
Our  deficiency  of  perfection  attained  in  other  branches  of  manufactare. 

in  chemical  man-  /»    t  i  .. 

nfactures.         The  statc  of  dependence  on  Europe  for  so  many  articles  is. 
on  Europe?  *°*^^  howevcr,  Constantly  growing  less,  and  it  is  to  be  hoped 

from  the  progress  made  during  the  past  few  years  that  be- 
fore no  distant  date  as  important  a  change  will  be  effected 
in  this  respect  as  has  been  lately  the  case  with  regard  to 
numerous  branches  of  textile  and  metallurgical  iudustr3\ 
As  noteworthy  indications  of  the  moyement  in  this  direc- 
BromiiM)  Indus- tion,  may  be  mentioned  the  rapid  development  of  the  bro- 
vaUey.  mine  manufacture  in  the  Ohio  Valley,  which  in  the  course 

of  a  few  years  has  assumed  such  dimensions  as  to  practi- 
cally command  the  market  of  the  world ;  and  the  equally 
Borax  produo- rapid  extcusion  of  the  borax  production  in  the  Pacific 
sS^a***^^*^**^  States,  which  causes  no  small  degree  of  anxiety  among  Eu- 
ropean manufacturers  of  this  article, 
the  chief^o^nter     Philadelphia  is  the  chief  center  of  chemical  manufact- 
dua^^"^'^  ^'  ure.  New  York  and  Boston  following  second  and  third  in 
New^Ywk^aSSthe  list.    Accordiug  to  statistics  collected  in  1875,  there 
Boston.  were  in  Philadelphia  and  its  environs  245  chemical  works, 

Production  with  au  annual  production  valued  at  (31,298,000,  and  di- 
JhemicaiWoAs.  vidcd  as  follows : 

Chemicals $12,000,000 

Pharmaceutical  prodncts 3,500,000 

Soap 3,048,000 

Oila  and  petroleum 3,600,000 

Colors 3,964,000 

Perfumes 1,125.000 

Gas  and  by-products 4,161,000 

Imports  of  sici.     The  imports  of  sulphur  from  Sicily  have  mounted  from 
lian  sulphur.      19^830^000  kilos  iu  1872  to  32,656,000  kilos  in  1877.    It  is 

probable  that  an  energetic  development  of  the  extensive 

Pacific  coast  dcposits  iu  the  Pacific  States  will  soon  enable  the  country 

deposits.  ^  ^  entirely  independent  of  the  European  source.    The 

manufi^ture  of  sulphuric  acid  assumes  daily  more  impor- 
tant proportions  since  its  extended  application  in  the  pe- 
troleum refineries.  Sulphur  is  at  present  almost  the  sole 
material  used  for  this  manufacture.  The  deposits  of  pyrites, 
although  widesi>read  and  of  fair  average  quality,  are  still 
generally  too  remote  from  industrial  centers  to  be  utilized 
for  this  purpose,  and  the  prospects  of  a  rapid  extension  of 
the  suJphur  supply  iu  the  West  has  prevented  any  notable 
Alkali  indostry  dispositiou  for  their  use  in  the  various  works.  The  alkali 
initsiiifittcy.  industry  remains  still  in  its  infancy.  Apart  from  the  pro- 
duction of  the  well-known  works  in  Pennsylvania,  which 
make  use  of  the  greater  part  of  the  cryolite  obtamed  in 
Greenland,  the  wants  of  the  country  in  this  direction  are 
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UlTTTBD  STATES. 


met  by  importation  from  England.    The  amount  of  this  im- 
portation in  1878  was  over  115,000,000  kilos.    The  discovery  importaof  soda. 
of  extensive  deposits  of  natural  soda  in  the  western  section  ^^^  **^ 
of  this  country,  at  points  not  far  distant  from  the  Pacific  Rail- 
road, will  be  likely  to  bring  about  an  important  change  in 
the  source  of  this  article.    On  account  of  the  climate,  the 
manufacture  of  bleaching  powder  is  attended  with  such  ^^j^j^^jpo*^^ 
difficulties  tiiat  almost  the  entire  quantity  of  this  product  d«r- 
required  in  the  United  States  is  likewise  imported  from 
England.    The  import  amounted  to  22,000,000  kilos  in  1876. 
Saltpeter  is  an  article  of  comparatively  recent  manufacture.    Saltpeter. 
During  the  past  two  years,  however,  this  industry  assumed 
such  proi)ortionH  that  large  quantities  were  exported  to  Eus 
sia  during  the  late  war. 

Among  other  branches  which  are  of  constantly  growing 
importance  are  the  manufactures  of  red  and  yellow  pros-     Manufa^tawj 
siates  of  potash,  of  alum,  and  of  borax.    The  deposits  of  iron,  aiam,  and 

DOTftX* 

borax  in  the  United  States  are  at  present  being  developed 
with  great  rapidity,  and  the  supply  of  200,000  kilos  monthly 
is  not  only  sufficient  for  the  needs  of  the  country,  but  af- 
fords a  considerable  surplus  for  exportation.  The  produc- 
tion of  bromine,  which  has  increased  in  ten  years  from  6,000  bromine. 
kilos  to  125,000  kilos,  has  rendered  possible  the  use  of  this 
valuable  element  in  numerous  operations  where  chlorine  has 
hitherto  been  applied. 

Unfortunately,  the  exhibits  of  the  products  of  the  great  ^^fj^  limited 
chemical  industries  were  of  the  most  limited  character,  and 
afforded  no  just  view  of  the  progress  made  of  late  years  in 
this  department  of  industry  in  our  country. 

The  following  were  the  only  exhibitors  of  chemical  prod-    Exhibitow, 
ucts  in  the  United  States  section : 

H.  J.  Baker  &  Bro.,  New  York  City.    Exhibited  very    h.j.  Baker* 
handsome  specimens  of  borax,  refined  saltpeter,  camphor,  ^"'' 
and  epsom  salts.    The  products  of  this  firm  compare  favor- 
ably with  those  of  any  other  establishment  represented. 

Henry  Bower,  Philadelphia:  This  exhibitor  displayed  in    Henry  Bower. 
a  very  modest  and  unostentatious  style  his  superior  glycer- 
ine in  one-pound  bottles;  specimens  of  handsome  yellow 
prussiate  of  potash,  and  some  ordinary  sulphate  of  am- 
monia, 

Hance  Bros.  &  White,  Philadelphia :  A  number  of  very   Hanoe  Broi.  * 
beautifiQ  specimens  of  chemical  prepanitions  for  medicinal  ^^*^* 
use  were  included  in  the  pharmaceutical  display  made  by 
this  firm.    The  following  were  especially  noted  for  their  fin- 
ished and  handsome  appearance :  Monobromated  camphor, 
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uKiTED  BTATtt.  bydrochlorate  of  berberine— both  preparations  in  erystalg 
prepared  with  much  skill  and  care. 

A.  Pin.  A.  Pirz,  Camiola  Chemical  Works,  Long  Island  City.  Ex- 

hibited a  specimen  of  pore  acetate  of  lead. 

c.  T.  White  A  0.  T.  White  &  Co.,  New  York :  The  collection  of  speci- 
mens representing  this  house  consisted  of  morphia  and  its 
salts,  crystallizeil  strychnia,  valerianate  of  qninia,  and 
iodides  and  bromides  of  potassiam,  etc,  all  of  which  were 
of  the  best  quality  and  presented  quite  a  handsome  and 
creditable  appearance.  These  products  were  as  good  and 
as  prepossessing  as  any  shown  in  the  Exposition,  and  very 
much  handsomer  than  most  that  were  exhibited. 

Many  of  the  exhibitors  in  Class  47  sent  specimens  of 
chemical,  pharmaceutical,  and  tinctorial  products,  and  in 
consequence  of  this  diversity  in  the  exhibits  the  same  Aims 
maiy  appear  under  several  heads. 


AUM^irin^  ALIZARINE. 

ludiMOTeryan     Oracbc  &  Liebcrmanu's  discovery  forms  an  ^Mxdi  in  the 
^k«^^^^^^  history  of  organic  chemistry,  alizarine  being  the  first  natu- 
ral dye-stuff  which  has  been  prepared  artificially.    Since 
that  time  the  manufacture  of  this  body  from  anthracene 
The  first  arti-  has  assumed  very  large  proportions.    According  to  the  oA- 
of  *^nia^1f^  cial  report  on  the  Vienna  Exhibition  of  1873,  there  existed 
*^"^'  at  that  time  ten  or  twelve  alizarine  works  in  G^ermany,  while 

England  and  France  possessed  one  each.    The  total  quan- 
tity of  alizarine  manufactured  in  the  year  above  mentioned 
Prodaotioii  in  was  about  2,500,000  kilos  of  alizarine  paste,  containing  10 
per  cent,  of  coloring  matter,  representing  at  that  time  a  value 
Kow  probably  of  $3,000,000,  gold.     Siuce  that  time  the  annual  product 
has  greatly  increased,  and  it  may  safely  be  put  down  at 
double  that  amount.    The  total  amount  of  madder  wiiich 
hitherto  has  been  used  i>er  annum  may  be  estimated  at  one 
FonDeramomitmiltion  hundredweight,  with  a  value  of  $10,000,000.     It 
ioo,ooo,oM  ibaT"  cau  fairly  be  assumed  that  there  exists  in  coal-tar  a  quan- 
tity of  anthracene  which  is  more  than  sufficient  to  manu&ct- 
nre  an  amount  of  alizarine  equal  to  that  contained  in  the 
above-mentioned  quantity  of  madder. 
The  discovery  of  the  artificial  production  of  aUzarine  rests 
Onebe  A  Lie-  On  au  Observation  made  by  Graebe  &  Liebermann,  in  1868, 
**™"^  that  alizarine  bore  a  very  close  relation  to  anthracene,  CmHiq. 

Thoy  BUCCoecle<l  not  only  in  inducing  alizarine  to  anthracene, 
but  also  in  converting  the  latter  into  the  ftmner  by  a  proc- 
ess of  syutbesis.    Tliry  took  advantage  of  a  discovery  pre- 
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viously  made  by  Anderson  that  when  anthracene  is  heated     ^kmKim. 
with  nitric  acid  it  is  oxidized  to  a  yellow  crystalline  body, 
which  he  called  oxyanthraceue,  CuHsOs,  now  known  by  the 
name  anthraquinone.    On  heating  this  body  with  bromine    c<mTenioii  of 
it  yields  dibromaothraqainone,  CMH6Br202,  and  on  meltrngaUmine. 
this  with  canstic  potash  it  is  converted  intoalsarine  accord- 
ing to  the  following  equation — 

Ci4H6Br20a+2KOH =Ci4H804+2KBr. 

Many  other  and  cheaper  processes  for  pr^aring  this  sub- 
stance have  since  been  discovered  and  patented,  and  the 
dye-stuff  is  sold  in  the  markets  of  the  world  at  a  price  which 
bids  £Mr  to  drive  madders  out  of  use  entirely,  and  thus  lib-  ^  BrobaUe  enttrB 
erate  the  thousands  of  acres  of  the  most  fertile  lands  to  the 
culture  of  cereals  or  other  products  of  more  immediate  ne- 
cessity to  the  n^idly  increasing  population  of  a  crowded 
world.  This  coloring  matter  may  also  be  obtained  by  an- 
other and  a  much  cheaper  process,  which  avoids  the  tedious 
operations  incident  to  the  formation  of  anthraquinone  and 
its  bromated  comx>ound,  and  a  beautiful  product  is  o£fered  to 
dyers  at  a  greatly  reduced  price.    The  process  may  be  sum-   Prooeu  of  oan- 

▼Bivioii  of  snuiii^ 

marized  thus :  Anthracene  is  converted  mto  a  sulpho  com-  oene. 
pound  by  means  of  a  sulphuric  acid  aided  by  heat,  from 
which  reaction  results  anthracene-sulpho  acid,  0t8HieSH4O3. 
After  proper  dilution  with  water,  the  solution  is  oxidized 
with  chromic  add,  binoxide  of  manganese,  or  other  similar 
bodies,  aud  afterwards  neutralized  with  chalk  or  pounded 
limestone.  The  oxidized  acid  is  then  converted  into  a  potas  - 
slum  salti  and  heated  with  caustic  i)otash,  by  means  of 
which  alizarate  of  potassium  is  formed,  and  finally  the  aliza- 
nne  is  set  free  by  hydrochloric  or  sulphuric  acid. 

One  of  the  largest  manufacturers  of  this  coloring  matter, 
Messrs.  Bindschedler  &  Busch,  of  Basle,  Switzerland,  who  ^.  ^  ?!^?^  <^ 
displayed  a  magnificent  collection  of  the  latest  novelties  in  Bnwh. 
artificial  colors  in  the  Palais  du  Champ  de  Mars,  have  allowed 
the  following  process  to  be  published :  Before  commencing 
the  oxidation  they  sublime  the  anthracene  in  a  special  appara- 
tus by  means  of  superheated  steam,  and  finely  pulverize  the 
product.    They  state  that  by  their  process  of  sublimation   SabUmiittan. 
not  more  than  2  to  3  per  cent,  of  the  material  is  lost,  and  a 
comparatively  pure  product  is  obtained.    Preliminary  to  the 
main  operation  they  ascertain,  by  testing,  the  exact  theoreti- 
cal amount  of  bichromate  of  potassa  necessary  to  oxidize  the 
anthracene  only,  so  as  not  to  employ  an  excess  which  would 
attack  other  hydrocarbons  that  may  be  present,  since  the 
latter  when  oxidized  are  dissolved  in  the  subsequent  steps 
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Atunrim.  of  the  prooess  of  the  parification  of  the  anthraqmnonCy 
and  being  carbonized  by  the  snlphuric  acid,  would  soil  the 
product. 

In  large  wooden  tanks  lined  with  lead  and  provided  with 
mechanical  agitators,  200  kilos  of  sublimed  and  finely  pow- 
dered anthracene  are  mixed  with  3,000  liters  of  water,  heated 
to  the  boiling  point  by  steam,  containing  in  solution  192  kUos 
of  bichromate  of  potassa.  After  the  miKtion  is  complete  a 
small  stream  of  272  kilos  of  sulphuric  acid  of  66^  diluted 
with  water  to  the  strength  of  30^  Baum6,  is  allowed  to  run 
Process  of  slowly  in  for  8  to  10  hours,  during  the  whole  of  which  time 

j^dschedier  ^  ^^^^  stirring  must  be  uninterrupted.    The  steam  must  be 

nearly  or  quite  cut  off,  as  the  entrance  of  the  acid  disen- 
gages sufficient  heat  to  maintain  the  ebullition.    Towards 
the  end  of  the  reaction  the  steam  should  be  let  on  again. 
Grade  anthia-The  thick  mass  of  crude  anthraquinone  is  then  washed 
*"*■  and  dried,  and  forms  a  yellowish-red  powder,  weighing 

about  230  kilos.  The  mother- waters  contain  the  sulphates 
of  chrome  and  of  potassa,  which  are  evaporated  and  treated 
to  recover  the  chrome. 

For  the  purification  of  the  crude  anthraquinone,  220  kilos 
of  it  are  very  slowly  added  to  600  kilos  of  sulphuric  acid 
of  660  Baum^,  heated  to  80^  C.  in  a  large  cast-iron  boiler 
furnished  with  a  mechanical  agitator;  the  temperature  rises 
to  IQQ^  C,  and  it  should  not  be  allowed  to  exceed  that 
degree,  but  should  be  maintained  at  that  point  until  the 
whole  of  the  anthraquinone  is  dissolved,  and  a  test  portion 
of  the  mixture  when  thrown  into  water  lets  £Eiil  a  white 
precipitate.  The  mass  is  then  run  into  large  shallow  leaden 
pans  and  allowed  to  get  completely  cold,  and  the  black 
crystalline  mass  is  then  boiled  up  in  20  times  its  weight  of 
water.  The  solution  is  passed  through  a  filter  press  and 
the  anthraquinone  is  washed  free  from  the  sulpho  adds  re- 
sulting from  the  action  of  the  snlphuric  acid  on  the  impur- 
ities in  the  anthracene.  When  the  oxidation  has  been 
pushed  too  far  not  only  are  the  wash-waters  of  a  dark  and 
troubled  appearance,  but  the  quinone  is  likewise  dark  col- 
ored; If  the  operation  has  been  successfully  carried  out  a 
Porifledaiithra- yield  of  122  kilos  of  purified  anthraquinone  should  be 

quinone.  obtained.    It  should  present  a  grayish  color  and  a  crystal- 

line structure  and  contain  90  per  cent,  of  the  pure  substance, 
which  may  be  further  purified  by  boiling  it  with  a  dilute 
solution  of  carbonate  of  soda.  This,  when  washed  and 
dried,  contains  from  93  to  96  per  cent. ;  but  if  resublimed 
with  care  a  sublimate  containing  98  per  cent,  may  be  ob- 
tained.   Two  hundred  kilos  of  anthracene  should  yield  118 
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kilos  of  parified  anthraqainone,  which  sells  now  for  $1.30     AiizaHm. 
per  pouncL. 

Alizarine  (bluish  hue)  is  prepared  from  the  above  by  mix-  ^^^^ J^JJJJ*  ^ 
ing  100  kilos  each  of  anthraquinone  and  sulphuric  acidBusob. 
(composed  of  55  per  cent,  of  mouohydrate  and  45  per  cent, 
anhydride),  the  latter  previously  liquefied  on  a  sand  bath 
in  an  enameled  boiler  provided  with  a  mecluinical  stirrer 
and  heated  by  means  of  an  oil  bath.    The  heat  is  very    Piepantumof 
gradually  raised  until  a  temperature  of  160^  G.  is  attained,  ri^e  from  aathn- 
and  the  mass  is  kept  at  that  degree  for  an  hour.    The  con-  ^^'^^"^ 
tents  of  the  boiler  are  then  diawn  off  or  emptied  into  a  suffi- 
cient quantity  of  boiling  water,  which  is  maintaiued  at  that 
temperature  for  some  time;  the  whole  is  then  thrown  into 
a  filter  press,  in  which  the  undissolved  quinone  (about  25 
per  cent.)  is  retained,  washed,  and  dried.    The  filtrate  and 
wash-waters  contain  principally  anthraquino-monosulphur- 
OQS  with  a  little  disulphurous  acid,  which  are  to  be  separated. 
The  mixed  acids  are  saturated  with  soda-lye,  When,  on  cool- 
ing, the  anthraquino-monosulphite  of  soda  precipitates  out 
in  pearly  white  scales,  which  may  be  rendered  chemically 
pure  by  recrystallization.    The  mother-waters  contain  the 
anthraquino-disulphite  of  soda,  together  with  a  little  of  the 
mono-salt. 

On  concentrating  the  mother-waters  the  mono  salt  crys- 
tallizes out  byrefrigeration  and  leaves  the  di-salt  nearly  pure, 
along  with  a  little  sulphate  of  soda,  which  is  got  rid  of  by 
evaporating  the  solution  to  a  density  of  30^  Baum6,  and 
cooling,  when  the  sulphate  of  soda  crystallizes  out.  The 
filtrate  is  evaporated  to  dryness,  fused,  and  furnishes  a  very 
yellow  alizarine.  Yeiiow  iUm. 

One  hundred  kilos  of  anthraquinone  treated  by  fuming 
sulphuric  acid  are  distributed  as  follows :  25  kilos  are  unat- 
tacked,  50  kilos  go  to  form  anthraquino-monosulphurous 
acid,  and  25  kilos  go  to  produce  anthraquino-disulphurous 
acid.  Authraquino-monosulphite  of  soda,  several  times  re- 
crystallized,  on  fusion  produces  the  varieties  of  alizarine 
specially  employed  for  coloring  violet  shades  of  red,  and  it  ,^^^^?^  *! 
represents  a  nearly  pure  alizarine.  red. 

For  the  fabrication  of  alizarine  with  a  yellowish  refleo-  Aiuarine  with 
tion,  100  kilos  of  anthraquinone  is  heated  to  160O-170o  O.^wl^*  "  ^ 
with  200  kilos  of  fuming  sulphuric  acid  (containuig  45  per 
cent,  of  anhydride),  with  constant  agitation  in  the  manner 
above  described,  until  a  few  drops  of  the  mixture  taken  out 
as  a  test  dissolve  completely  in  water.  The  mass  is  main- 
tained at  the  temperature  designated  for  an  hour,  when  it 
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AHzaHne.     ig  tumed  wto  water,  dissolved,  neatralized  witii  caustic 
soda,  evaporated,  and  fused. 
Process  in     The  fosioii  of  tlie  mass  was  formerly  done  in  open  vessels, 
der  presBuro.      but  it  was  attended  with  great  loss  of  alizarine  on  account 

of  the  regeneration  of  antbraquinone,  and  the  dye-stuff 
obtained  was  impure.  It  has  been  found  that  when  the 
fusion  is  accomplished  inclosed  vessels  and  under  pressure, 
and  especially  in  presence  of  an  oxidizing  body,  as  chlorate 
of  potassa,  the  yield  is  much  greater  and  the  prodact  purer. 
It  is  sent  into  commerce  in  the  shape  of  paste,  containing 
fh>m  10  to  20  per  cent,  of  dry  alizarine. 
Bapid  fpwwth  The  growth  of  the  anthracine  industry  has  been  no  less 
indoBtary.  rapid  than  its  discovery  and  chemical  history  has  been  won- 

derful. In  less  than  a  year  after  its  discovery  there  were 
five  works  in  Germany  and  one  in  England  engaged  in  its 
manufacture  on  a  large  scale.  In  1876  Grermany  sent  into 
commerce  4,000,000  kilos  of  alizarine  paste  of  10  per  cent. 
Beduotioii  in  Strength.  In  1871  it  fetched  26  fr.  the  kilo,  in  1877  it 
'^~-  was  sold  for  6  fr.,  and  during  the  first  half  of  1878  the 

price  fell  to  3.10  fr.,  and  for  a  little  while  at  2.80  fr.  the 
kilo  (28  cents  per  pound).    During  last  August  and  Sep- 
tember the  price  went  up  on  account  of  a  rise  of  45  {ler 
cent,  in  the  market  price  of  bichromate  of  potassa. 
Cause  of  the     To  Overproduction  of  anthracene  and  its  derivatives, 
together  with  the  universal  depression  in  all  industries,  is 
attributed  the  exceedingly  low  price  of  this  valuable  dye- 
stuff. 
DerivatiTea  of    Amoug  the  colorcd  derivatives  of  alizarine,  nitro-aliza- 
Nitro-aiizariiie.  riuc  should  be  uoticed  as  one  which  possesses  considerable 
industrial  importance,  owing  to  the  lively  and  ^^fast^  orange 
color  which  it  communicates  to  cloth.    It  was  first  produced 
economically  on  the  large  scale  at  the  Baden  Aniline  and 
Boda  Works,  and  now  its  manufacture  is  carried  on  in  al- 
most  all  the  establishments  engaged  in  the  anthracene  colors 
industries. 
Preparation  of    This  chemical  is  prepared  from  a  pure  alizarine  made 
attn^aiitftfine.    fj^jj^  anthraquiuo-monosulphurous  acid  perfectly  free  from 

the  di-acid.  It  must  be  dry  and  in  a  finely  powdered  con- 
dition and  mixed  with  a  sufflciency  of  petroleum  ether 
(^^  benzine").  Into  this  mixture  nitrous  acid  is  passed  until 
a  test  portion,  dissolved  in  a  little  boiling  water,  gives  on 
the  addition  of  an  alkali  a  distinct  orange  coloration ;  the 
current  of  nitrous  acid  is  then  stopped  and  the  mixture 
thrown  on  a  filter,  and  the  residue  pressed.  This  is  then 
dissolved  in  a  boiling  diluted  solution  of  soda,  the  ebulli- 
tion being  kept  up  until  the  whole  of  the  '^  benzine"  is  got 
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rid  of,  after  which  the  nitro-alizarme  is  precipitated  from     AUtarim. 
its  combination  vnih  the  alkali  by  means  of  hydrochloric  ^^^gggJI  •^ 
acid  and  drained  on  a  filter  until  it  is  reduced  to  a  paste 
containing  10, 15,  or  20  ^er  cent  of  "  alizarine  orange."  AiiMrfi^ 

A  cheaper  and  simpler  process  than  the  one  above  re- 
ferred to  is  employed  in  some  works  for  the  preparation  of 
this  color,  consisting  principally  in  substituting  the  ^'cham- 
ber crystals"  from  vitriol  works,  instead  of  nitrous  acid 
especially  prepared. 

This  body  not  only  serves  an  important  purpose  as  a  dye 
stuff,  but  it  has  latky  assumed  the  role  of  a  maUire  prem- 
ise in  the  manufacture  of  anthracene  blue,  which  is  at- 
tracting so  much  attention  as  a  succedaiieum  for  indigo. 
Dr.  Koch,  chemist  to  the  manufactory  of  Bindschedler  & 
Busch,  of  Basle,  gives  the  following  summaiy  of  the  proc- 
ess employed  in  their  works :  Equal  parts  of  very  concen- 
trated sulphuric  acid  and  anhydrous  glycerine  are  mixed 
and  heated  to  200<^  0.,  with  a  fiftieth  of  their  weight  of  diy 
nitro-alizarine  powder;  after  the  reaction  is  accomplished 
the  product  is  turned  into  a  dilute  solution  of  alkali,  zinc 
dust  added,  and  heat  applied.  After  the  reduction  by  means 
of  the  zinc  dust  is  finished,  the  whole  is  thrown  on  a  filter; 
the  alizarine  blue  formed  and  remaining  in  the  filtrate  is 
precipitated  out  by  means  of  a  current  of  air.  This  color- 
ing matter  is  very  slightly  soluble  and  forms  nearly  insolu- 
ble lakes  with  lime;  consequently  its  application  in  dyeing 
is  attended  with  more  difELculty  than  is  experienced  with 
alizarine. 

This  new  color  gives  greenish-blue  lakes  with  lime,  ba-  ^xinto  obteincd 
ryta,  and  iron ;  a  reddish-blue  with  alumina;  a  violet-blue bive. 
with  chrome,  and  a  red- violet  with  tin.  Stuffs  mordanted 
with  these  salts  will  consequently  be  dyed  in  corresponding 
colors;  that  obtained  on  cloth  mordanted  with  iron  salt  re- 
sembles closely  the  color  produced  under  like  circumstances 
by  indigo.  These  colors  are  all  distinguished  for  their  great 
permanence  and  abUity  to  resist  the  action  of  detergents, 
being  altered  neither  by  soap  nor  chlorinated  lime.    like ,  ^,s«>u^im  uk« 

,     ^  ^  Mr  *  ,   Indigo  when  i©- 

mdigo,  alizarine  blue  may  be  reduced  in  presence  of  an  al-  ^^^^"'^j^*!; 
kali,  with  zinc  iK>wder,  hydrosulphurous  acid,  or  glucose, 
and  gives  a  yellowish-brown  solution,  from  which   mor- 
danted goods  extract  the  reduced  color,  and  on  exposure  to 
the  air  they  become  blue  by  its  oxidation. 
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AUtaHMbtnu.  ALIZARINE  BLCJE. 

Bepofxt  [Extracted  from  report  of  MM.  Koechli  n  &  Prad'homme,  of  MnlhouM.  1 
of    Koeohlin    &  ■* 

omme.  ^pj^g  body,  notwithstanding  its  derivation  and  name, 
should  be  classed  with  indigo,  as  it  possesses  properties  sui 
generis^  and  would  occupy  a  place  intermediate  between 
indigo  and  alizarine.  Alizarine  blue  is  found  in  commerce 
in  the  form  of  purplish-brown  or  bluish  pa^te,  containing 
10  per  cent,  of  coloring  matter.    When  crystallized  out  of 

itB  oharmcter.  its  benzine  solution  it  takes  the  shape  of  purplish-brown 
needles,  with  a  metallic  luster.  It  fuses  at  170^  0.,  giving 
off  orange-red  vapors,  which  condense  on  cool  surfaces, 
taking  the  shape  of  needles  of  a  bluish-black  color.  It 
is  nearly  insoluble  in  water,  but  it  is  soluble  in  small  pro- 
portion by  alcohol  and  benzine,  giving  rise  to  red  solutions. 

Behayiorimdw     Gouceutrated  sulphuric  acid  dissolves  it  to  a  very  fine 

treatment    with  '^ 

Mid8,etc.  led  solution,  which,  when  heated  for  sometime  and  treated 

with  water,  lets  fall  a  blue  precipitate,  which  seems  to  pos- 
sess all  its  primitive  tinctorial  i)owers.  Arsenic  acid  of  7(P 
B.  dissolves  it  easily  to  an  orange-red  solution,  which  passes 
to  the  color  of  fuchsine  red  on  the  addition  of  glycerine. 
With  lime,  baryta,  and  strontia  it  gives  blue-green  or 
green-blue  lakes.  A  boiling  solution  of  alum  or  of  sulphate 
of  alumina  does  not  dissolve  a  trace  of  this  coloring  matter, 
a  property  sufficient  to  characterize  it,  and  serves  as  a  dis- 
tinct line  of  demarkation  between  it  and  alizarine  and  pur- 
purine. 
Hues  obtained     In  dyclug,  the  hues  obtained  by  the  use  of  different  mor- 

by  Moxdanting.     _       .  ^  •■•■ 

dants  are  as  follows : 

With  alumina PnrpUah  blae. 

With  iron. Qreeniah  blue. 

With  chrome Violet. 

With  tin Reddiflh  violet. 

Oxide  of  nickel  fixed  upon  the  tissue  is  dyed,  according 
to  M.  Dollfus,  of  a  much  purer  blue  than  with  other  mor- 
dants. 
Piepaxing  the  Being  almost  insoluble  in  water,  it  is  necessary  to  add  a 
little  soap,  or  preferably  sulpholeic  or  sulpho-ricinic  acid, 
with  a  slight  excess  of  ammonia,  to  the  bath.  The  propor- 
tions may  be  as  follows : 

1  part  of  alizarine  blue  of  10  per  oent. 
1  to  2  parts  of  fat  acid. 

The  bath  should  be  heated  to  70^  0.  and  gradually  (in 
one  hour)  brought  up  to  the  boiling  temperature,  at  which 
it  should  be  maintained  for  half  an  hour.    The  presence  of 
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certain  salts,  phosphate  of  soda  for  example,  seems  to  fa-  ^^i^wrim  uub, 
vor  the  operation  of  dyeing  with  this  matter.    The  whites  pm4.£l2j^  * 
are  slightly  affected  daring  the  operation,  and  should  be 
at  once  subjected  to  soaping  at  50^60^  G. 

This  dye  enjoys  the  singular  property  which  indigo  pos-      Propertietof 
sesses  of  becoming  reduced  in  alkaline  solution,  and  may    ^  ^^* 
consequently  be  used  in  the  same  manner  for  dyeing.    For 
cotton  goods  the  bath  is  reduced  with  zinc  and  soda  or  by  ,,The  ym^  aod 
hyposulphite  of  soda.    The  tissue  after  passing  through 
the  bath  is  exposed  to  the  oxidizing  influence  of  the  air, 
and  the  operation  is  repeated  until  the  depth  of  tone  de- 
sired is  attained,  after  which  the  tissue  is  passed  through 
a  weak  solution  of  chloride  of  lime  or  of  bichromate  of 
potash,  to  which  a  little  lime-water  is  added. 

Solution  of  reduced  alizarine  blue  may  also  be  applied  by   AUiarine  Una 
printing,  and  the  following  mixtui'e  gives  good  results  so  ^Ua.   '''^™* 
far  as  brightness  and  vivacity  of  tint  are  concerned,  but  it 
does  not  resist  the  action  of  soap  or  of  light : 

Alizarine  blue,  10  per  cent i  liter. 

Solnt.  dextrine  (1,000  grams  to  Uter) f  Uter. 

Glycerine  of  28° iV  liter. 

Sal  caustic  soda  of  36^ Vi^hter. 

Zinc  dost 25  grams. 

The  want  of  permanence  of  this  color  is  owing  to  the  ab-        Fiziiic  tks 
sence  of  mordant,  and  if  chrome  or  iron  in  the  form  of  salts 
not  precipitable  by  alkalies  are  added  the  color  is  rendered 
comparatively  "  tasf 

Alizarine  blue  reduced  by  stannite  of  soda  and  thickened 
with  dextrine  gives,  on  steaming,  a  violet  which  resists  well    The  violet  tint 
the  action  of  soap. 

This  body  may  also  be  fixed  upon  the  tissue  by  a  process 
analogous  to  that  called  hUu  foUience^  made  by  printing  rather  "Biae  fSuSenoe.** 
heavily  and  passing  the  goods  alternately  through  a  reducing 
and  an  alkaline  bath. 

The  real  value  of  alizarine  blue  consists  in  the  facility  of  VAinabie  qoai. 
its  application  to  the  tissue  by  the  process  of  steaming  and  i^e.^ 
its  soliditS,    These  qualities,  if  it  were  not  for  its  very  high 
price  at  present  ($1  per  iK>und  of  the  10  per  cent,  paste), 
places  it  at  once  in  a  superior  position  to  ultramarine  and 
indigo. 

The  best  mordants  are  ferrocyanide  of  potassium  or  am-  HordMito. 
monium  and  acetate  of  chromium,  which  give  fast  colors 
but  a  blue  slightly  purpUsh.  The  addition  of  acetate  of 
lime  to  the  paste  to  turn  the  tint  towards  greenish  blue  is 
not  attended  with  advantage.  The  color  is  purer,  but  it  has 
no  brilliance  or  **  vivacity."    M.  Dupuy  employs  acetate  of 
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AUemrinebUte.  chroDiiam  and  chloride  of  oalciam  concanently.     It  has 
Prud'ho^M^  ^  ^'^^^^^  found,  however,  that  chloride  of  magnesium  serves  a 

better  purpose  than  the  latter,  and  the  following  color  is 

recommended : 

Compoimding  Thiokening 250  grams. 

**^~^-            Alizarine  blue  of  10  per  cent 50  grams. 

Acetate  of  chromium  of  10  per  cent 16  cubic  centimeters. 

Chloride  of  magnesium  of  10  per  cent 16  cubic  centimeters. 

Ferrocyanide  of  potassium  of  10  per  cent 8  cubic  centimeten. 

Glycerine 32  cubic  centimeters. 

xkiokeninx.        The  thickening  is  composed  as  follows : 

Water 3  liters. 

White  starch 125  grams. 

Lightly  roasted  starch 375  grams. 

Olive  oil 150  grams. 

Mix  and  boil  for  one  hour  over  a  very  gentle  ftre. 

Pxinting.  The  color  is  printed  on  the  tissue  prepared  with  a  moder- 

ately strong  sulpholeic  acid  solution  (1  part  to  20  to  dO  of 

StoMiiiiig.  water),  a  condition  essential  to  success.  The  steaming 
should  have  one  and  a  half  to  two  hours,  and  the  washing 
and  soaping  at  5(P  G.  should  last  20  minutes.  The  goods 
should  then  be  passed  through  a  boiling  bath  of  lime  con- 
taining 1  gram  of  quicklime  to  the  liter  of  water,  which 
serves  to  communicate  a  greenish  tint  on  account  of  the  for- 
mation of  a  calcareous  lake.    Afterwards  it  is  to  be  well 

Wadiing.  soaped  and  washed  in  boiling  water,  this  treatment  bring- 
ing out  the  vjoloT  to  a  pure  blue.  Baryta  and  strontia  pro- 
duce the  same  effect  on  anthracene  blue  as  lime  does. 

The  color  produced  by  this  substance  applied  as  described 
resists  chlorine  and  light  in  a  great  degree,  the  only  change 
observed  being  the  disposition  to  turn  grajrish  under  the  in- 
fluence of  light,  but  it  possesses  a  resistance  comparable  to 
that  of  indigo  cuv6. 


Ph^irmatmaM  PHABMAOBUTIOAL  PRBPAEATIONS,  ESSENTIAL 
ST^"***^'      OILS,  DRUGS,  AND  RAW  MATERIALS  FOR  PHAR- 


MACY, ETC. 


AUBTRLA.. 


AUSTBIA. 


Honfkloone. 


The  chemical  and  pharmaceutical  arts  are  in  quite  an  ad- 
vanced state  in  Austria,  and  have  their  principal  seats  of 
Fnmagaiii,  productiou  iu  and  around  the  capital.  O.  B.  Fumagalli,  of 
Mdufalcone,  exhibited  some  pharmaceutical  specialities, 
among  which  were  a  dentifrice  called  anath^ne^  colorless 
cod-liver  oil  "fireed  from  stearine,^  etc. 
Oioha,  Vienna.  F.  A.  Orohs,  of  Vienna,  had  a  collection  of  nasal  bougies, 
vaginal  pessaries,  and  suppositories,  which  consist  of  gela- 
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tine  impregnated  with  varioas  therapeutic  agents.    He  also      aubtoia. 
showed  oval  and  globular  shaped  masses  of  soft  gelatine,  Pharmaemucai 
properly  medicated,  for  treating  diseases  of  the  ear.    This  ^*''*'~****^- 
mode  of  applying  medicines  has  attracted  considerable  at- 
tention, and  the  products  of  this  house  are  held  in  high 
esteem. 
Jos.  Lehmann,  of  Briinn,  showed  fine  dried  herbs  and  ,^    Lehmami, 

Brikxm. 

preparations  made  from  them.    He  carries  on  a  large  indus- 
try, exporting  great  quantities  to  various  parts  of  the  world. 

W.  Frauz  &  Go.,  of  Vienna,  are  a  large  general  drug  and      Fnas  *co., 
chemical  firm  and  warehousemen,  employing  about  GO  work- 
men, and  do  a  large  export  business  in  drugs,  chemicals, 
essential  oils,  prepared  herbs,  and  extracts. 

Paul  Bocca,  of  Triest,  exhibited  pills  and  other  pharma-   Boooa,  Trieste, 
ceutical  preparations. 

J.  F.  Eral,  of  Olmutz,  had  some  metallic  saecfaarates  and    Kno,  oimnts. 
liquid  metallic  soaps. 

Essences,  ethereal  oils,  and  artificial  fruit  and  liquor  fla-    -|^£^'*  <^ 
vors  were  shown  in  abundance  by  Austrian  exhibitors,  and 
the  specimens  contributed  by  soap  makers  and  perftimers 
give  evidence  that  Vienna  is  a  strong  competitor  of  Paris 
in  the  production  of  toilet  articles. 

J.  PoUak,  of  Vienna,  had  a  handsome  collection  of  fruit  Poiiak,  Vienna. 
essences. 

F.  Klepetar  &  Co.  exhibited  a  fine  selection  of  natural   Kiepetar  a  cq. 
and  artificial  essential  oils  and  fruit  essences,  among  which 
were  two  kinds  of  oil  of  fennel,  one  called  oleum  foenicuK 
natur.j  described  as  being  obtained  by  redistillation  of  the 
crude  oil  to  separate  it  from  the  other,  which  is  styled  oleum   oub  of  ftonei 
comieuU  atearopt   The  latter  heavier  oil  is  said  to  correspond 
in  softness  of  flavor  and  specific  gravity  to  oil  of  anise, 
while  it  is  much  lower  in  price.    The  oleum  miUefolii  has  an 
intense  blue  color  like  that  of  German  chamomile  and  is  said 
to  be  substituted  for  the  latter,  which  is  very  much  higher     . 
in  price  than  the  former. 

Russia-leather  essence  (oil  of  birch)  was  shown,  as  well   ouof  uxoh. 
as  artificial  oil  of  mustard  (allyl  isosulphocyauate),  various 
compounds  for  tlio  preparation  of  factitious  liquors,  and  a 
series  of  artificial  fruit  essences. 

EEaas  &  Sosenfeld,  of  Gaya,  Moravia,  contributed  similar  ham  a  bomd- 
preparations.  This  house  states  that  their  production  of**^*^*" 
oil  of  anise  from  native  seeds  was  in  1877  5,000  kilos,  of  oil 
of  fennel  3,500  kilos,  1,100  kilos  of  oil  of  carraway,  etc. 
They  also  preserve  large  quantities  of  fruit  juices  pressed 
from  the  ripe  fruits  grown  in  the  neighborhood.  Experi- 
ments made  on  a  sufficient  scale  and  for  some  time  have 
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^^'*^"'^-      demonstrated  to  Messrs.  Haas  &  Rosenfeld  that  bisulphide 
Etuneet,  oils,  of  carbon  caniiot  be  successfully  used  for  the  extraction  of 
naA^&Bosen- essential  oils  from  pUiuts.    A  considerable  loss  of  the  men- 
*^um  of  bisni.  struum  is  sustained ;  the  same  portion  of  it  can  only  be  used 
p    6  0  oar  n.  fQj.  ^xtrji^f^ing  |-||^  samc  oils,  since  the  solvent  cannot  be  en- 
tirely freed  from  the  oil  it  is  used  to  extract  5  and  finally  it 
was  found  that  oils  cxtraeted  by  its  means  always  possessed 
the  disagreeable  odor  of  the  menstruum. 
HflUor  Bros.,     Miillcr  Bros.,  of  Briinn,  exhibited  essential  oils  in  consid- 
erable  variety, 
^^wite&co.,     Horowitz  &  Co.,  also  of  Briinn,  with  a  house  in  Yienna, 

showed  a  fine  collection,  consisting  chiefly  of  essential  oils, 

ethers,  tinctures,  and  malt  for  brewers. 

Horito,  L5w,     Moritz  Low,  of  Hussowitz,  and  Sal  Schmidl,  of  Misslitz, 

Sfti  Schmidl,  Moravia,  both  large  producers  of  essential  oils,  were  well 

represented  in  the  Austrian  section.    The  latter  firm  was 

about  the  first  producer  in  Austria  of  this  class  of  products 

for  exportation,  and  the  high  repute  gained  in  the  earlier 

days  of  its  existence  is  maintained.    The  amount  of  oil  ot 

carraway  made  by  this  fabricant  is  enormous,  for  he  under- 

carraway  oii-takcs  to  supply  "tourtcaux  dc  carvi"  (carraway  oil-cake)  in 

Cskfi  tor  KXfinft 

any  quantity  for  the  fattening  of  swine,  for  which  puri)ose 
it  has  been  found  to  be  wholesome  and  well  adapted.    It 
would  be  interesting  to  know  if  swine  thus  fattened  yield  a 
peculiarly  flavored  pork, 
ueberbachep,     P.  Uebcrbacher,   of  Bozen,  Tyrol,   sent  carraway  oil, 
water,  and  liqueur  made  from  the  ^^  wild  "  plant.    In  his  col- 
lection were  also  found  fine  specimens  of  mountain  honey, 
Alpine  butter,  beautiful  Venice  turpentine  pitch  for  brewers, 
etc. 
Demartfaii,     J.  Dcmartiui,  of  Prague,  contributed  purified  wax  and 
^^*^^'  fats,  poplar  buds  and  fats  impregnated  with  their  pi-eserva- 

tive  principle,  and    rose-water  distilled  from    Bohemian 
roses. 
Pongnits,  Son,     E.  Poiigrdtz,  Sou,  &  Co.,  of  Biala,  Silesia,  exhibited  es- 

**"  .  sences. 

Prochaaka.         F.  Prochaska  showed  perfumes  and  toilet  soaps, 
caiderara  A     Galdcrara  &  Blankmann,  among  other  excellent  and  hand- 
"*"*       some  perfumes  and  toilet  articles,  showed  a  series  of  articles 
8oaf»B,  extracts,  destined  for  toilet  use,  such  as  soaps,  handkerchief  extracts, 
***•  toilet  vinegar,  cold  cream,  pomade,  dentifrice,  etc.,  impreg- 

nated with  the  essence  of  mugho  pine,  which  not  only  com- 
municates an  agreeable  odor,  but  at  the  same  time  it  fur- 
nishes (according  to  Professor  Kletzinski)  by  its  oxidation  a 
certain  quantity  of  ozone,  which  serves  as  a  disinfectant, 
antiseptic,  and  refreshing  agent  of  no  mean  power. 
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Gottlieb  Taussig,  of  Vienna,  made  a  remarkably  pretty      AuaftBiA. 
display  of  fine  perfumery  and  toilet  articles,  among  which  ^5^^  ^^■ 
his  glycerine  soap  and  hard  soaps,  molded  and  colored  in  TauMiavieama. 
imitation  of  fruits,  lockets,  etc.,  were  especially  worthy  of 
note. 

The  great  factory  of  Sarg,  Son,  &  Go.  exhibited  pure  gly-    sarg,  son,  & 
cerine  and  fine  soaps.    This  is  one  of  the  most  important   Giyoerine  and 
manufactories  in  Austria,  and  ranks  among  the  first  in  Eu-  "^^' 
rope.    It  was  founded  by  A.  de  Milly,  in  1834,  and  was 
transferred  to  P.  A.  Sarg  in  1858.    The  first  glycerine  was 
distilled  on  the  Continent  at  this  establishment  in  1868,  and 
crystallized  glycerine  was  here  prepared  in  1872. 

A.  Rosier,  of  Aussig,  exhibited  camphor  from  the  only   RMer.Aoaaig. 
refinery  of  this  product  in  the  empire.    The  establishment,     *™^  "' 
founded  in  1877,  refines  about  100,000  kilos  annually,  and 
supplies  the  demand  for  that  article  throughout  Austria  and 
exports  considerable  quantities.    The  quality  appears  to  be 
very  good. 

Natural  and  artificial  mineral  waters  were  exhibited  by  Mineral  waten. 
many  establishments,  of  which  there  are  about  80  in  the 
empire. 

BELGIUM.  BKLQIUM. 

Belgium  sent  very  little  to  the  Exposition  that  was  of  in- 
terest in  a  pharmaceutical  point  of  view.  Three  or  four 
firms  sent  specimens  of  hops,  which  were  of  good  quality. 

L.  Comelis,  of  Diest,  exhibited   bottles  provided  with   Coni«ia,iMe«t. 
desiccating  stoppers,  in  which  objects  of  every  description       Beaaicating 
may  be  indefinitely  preserved  in  a  state  of  absolute  dryness.  *  ^^"' 
The  flowers  and  other  parts  of  plants  which  he  had  placed  in  ^^  Preaervatioii 

of  flowers,  oaors, 

these  bottles  were  put  there  in  1874,  and  to-day  it  is  almost  etc. 
impossible  to  distinguish  them  from  those  freshly  cut.  The 
device  is  i)erfectly  successful  for  the  purpose  intended.  The 
color  and  odors  of  the  powdered  drugs  he  exhibited  are  so 
well  preserved  that  nothing  is  left  to  be  desired.  There  were 
seveial  small  exhibits  of  pharmaceutical  preparations,  which 
do  not  call  for  special  note. 

CHINA.  CHWA. 


China  exhibited  drugs  and  pharmaceutical  preparations   nrngs. 
firom  sixteen  cities.    The  whole  number  of  specimens  enu- 
merated in  its  official  catalogue  as  sent  for  display  is  900, 
and  these  consist  mainly  of  vegetable  substances,  for  the 
Chinese  seldom  employ  mineral  remedies,  and  their  thera-    vegetabiezem. 
peutic  repertoire  is  almost  wholly  derived  from  the  vegeta-     ^^p'*"  ^^^' 
ble  kingdom.    The  number  of  plants  employed  in  the  treat- 
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cmNA. 


_  ment  of  the  sick  is  immense.    It  may  be  said  tliat  almost 

every  plant  known  in  China,  together  with  many  obtained 

fix>m  other  countries,  are  used  as  medicaments.    They  have 

A   plant  for  a  Separate  plant  for  every  disease,  and  probably  for  every 

symptom.  symptom.    They  also  use  several  animal  substances  for  the 

same  purpose ;  for  example,  the  gall  of  the  bear,  horns  of  the 
Animax  snb-  buck,  gelatine  from  the  skin  of  the  Shantung  ass,  amber- 

dtei.*^  **  "^^gris,  bezoars  of  ruminants,  which  sell  for  their  weight  in 

gold,  the  bones,  moustaches,  and  claws  of  the  tiger — all  of 
which  are  held  in  the  highest  esteem  as  therapeutic  agents. 
Substances  of  the  dirtiest  and  most  disgusting  nature  are 
employed  by  them,  one  of  which  is  a  preparation  presenting 
the  appearace  of  button  shellac  It  is  obtained  by  putting 
firogs  (toads  f)  in  a  jar  containing  flour  and  irritating  them 
with  a  stick ;  the  secretion  which  exudes  from  their  skins, 
under  these  painful  circumstances,  makes  the  flour  sticky, 
and  it  agglutinates  into  a  proper  mass  to  be  made  up  into 
the  cakes  above  mentioned  for  use  in  medicine.  The  exhib- 
its are  well  preserved  and  carefully  labeled — ^in  Chinese  char- 
acters. 

OAKADA.  CANADA. 


J.DaTidB. 
Lyiuaa  Btoa. 


The  Dominion  of  Canada  was  not  well  represented  in 
Class  47.  The  few  exhibits  in  this  section,  however,  were 
very  creditable  to  the  chemists  and  pharmacists  who  made 
them. 

J.  Davids,  Toronto,  exhibited  chemical  products. 

Lyman  Bros.,  Toronto,  sent  a  handsome  collection  of  phar- 
maceutical preparations  and  chemicals, 
w.saimden.       W.  Sauudcrs,  Loudon,  Ontario,  made  a  flne  show  of  fluid 
extracts  of  medicinal  plants  and  crude  drugs. 

H.  J.  Rose,  Toronto,  contributed  chemical  products.  A 
fine  collection  of  the  indigenous  plants  of  Canada  were  hand- 
somely exhibited. 

DENMARK. 


H.J.Bo0e. 


DBNMAIUL 


VBAHCB. 


This  country  did  not  show  anything  of  interest  to  the 
pharmaceutist. 

FRANCE. 

Many  of  the  French  exhibitors  had  crude  drugs  and  ma- 
tures premieres  associated  with  their  pharmaceutical  prepa- 
rations, but  these  specimens  were  mainly  derived  from  the 
French  colonies,  whose  contributions  of  raw  material  of  al- 
most every  description  and  for  nearly  every  art  and  indus- 
try were  large,  varied,  and  of  great  interest.  The  mothei- 
country  displayed  little  else  of  her  own  production  than  the 
few  following :  Hops,  of  which  she  produces  4,400,000  kilos 
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perannnm;  oli  ve  oil,  24,225,801  kilos,  valued  at  37,791,061  fr.;       '^'^^w^^- 

resin  (1874),  29,395,417  kilos,  valaed  at  7^  millions  of  francs.    Hops,  oUve  ou, 

Tan  bark  of  French  production,  which  is  held  in  very  high    Tau  bark. 

esteem  not  only  in  France  but  in  other  European  countries, 

was  exported  in  1876  in  the  quantity  of  over  57  millions  of 

kilos,  and  valued  at  neiirly  15  million  francs.    Madder,  saf-  fj^n^SSSJT'^'  "** 

fron,  and  woad  are  the  principal  dye-stufGs  grown  in  France, 

and  their  culture  in  1874  occupie4l  a  8ux>erficies  of  10,900 

hectares.    Since  the  discovery  of  an  economical  process  for 

the  manufacture  of  artificial  alizarine  the  cultivation  of  the 

madder  plant  has  been  almost  entirely  abandoned.    Honey  Honoyandwax. 

and  wax  were  produced  in  1874,  the  former  in  the  quantity 

of  9,851,490  kilos,  of  the  value  of  14,358,827  fr.,  the  latter 

in  2,562,570  kilos,  valued  »t    7,177,087   fr.    Be«iides  the 

hops  produced  at  home,  France  consumed  foreign  hops  to 

the  value  of  about  14  millions  of  francs. 

A^number  of  most  admirable  specimens  of  dried  vegeta-    Dried  vt^^eta- 
bles,  for  use  in  medicine,  were  exhibited  in  this  section,  aud 
the  exhibits  of  corks  and  cork  wood  and  of  sponges  were 
truly  magnificent.    Whole  cork  trees  were  placed  in  the   Cork, 
galleries,  and  sponges  in  situ  were  shown,  some  attached  to    sp^ngw. 
old  vases  and  jugs,  others  to  coral  and  shells,  stones,  and 
other  objects,  which  rendered  this  collection  doubly  inter- 
esting and  instructive.    Some  of  them  had  been  preserved 
in  liquid  before  the  soft  animal  matter  had  been  removed, 
in  which  condition  their  appearance  was  anything  but  at- 
tractive.   France  imported  sponges  in  the  year  1876  to  the 
amount  of  257,878  kilos,  of  which  about  two-thirds  were 
used  in  the  country  and  one-third  exported. 

The  cork  industry  in  France  appears  to  be  increasing  cork  industry, 
very  much,  for  the  importations  of  bark  have  risen  since 
1856  from  257,000  to  2,940,000  fr.  in  187($,  and  the  manu- 
facture of  corks  is  said  to  occupy  the  population  of  about 
forty  parishes.  Formerly  a  workman  could  make  only 
1,200  to  1,500  corks  per  day,  but  since  the  introduction  of 
cork-cutting  machinery  4,000  to  6,000  may  be  produced,  ac-  corkmachinery. 
cording  to  size  required.  The  various  applications  of  this 
valuable  material  to  its  manifold  uses  are  well  and  hand- 
somely represented  by  several  firms.  Cork  cutting  by  hand 
and  by  machine  was  carried  on  in  and  around  the  buildings 
in  the  neighborhood  of  the  Algerian  house  on  the  slope  of 
the  Trocad^ro. 

The  manufacture  of  pharmaceutical  preparations  has  as-  pharmaceutical 
sumed  large  proportions,   and  the  products  figure  to  no'^'"^^****'" 
slight  extent  in  the  tables  of  exports.    The  annual  value  of  Annual  vaino. 
the  pharmaceutical  products  is  estimated  at  $14,000,000, 
8  p  B ^VOL  4 
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''"^!*^* aiid  the  manafoctares  are  based  chiefly  on  cmde  material 

PharmMeuHeai  imj}OTted  from  abroad.  Pharmaceatical  specialties  are  ex- 
^^^  '**  ■  ported  to  the  value  of  $1,900,000.    The  importation  amounts 

to  but  $76,000.  The  general  tendency  of  tlie  pharmaceutical 
establishments  is  more  and  more  to  confine  themselves  each 

Sprciaiitioa.  to  the  manufacture  of  a  few  certain  specialities  on  a  large 
scale".    The  constantly  growing  interests  centered  in  the  man- 

Perfumea.  ufactorics  of  perftimes  at  Paris  have  given  a  powerful 
impetus  to  several  branches  of  industry,  such  as  flower  farm- 
ing, the  preparation  of  essential  oils,  the  finer  oils,  and  fats, 
etc.  The  exhibition  was  imposing  in  its  extent  and  tasteful 
arrangement,  and  was  admirably  supplemented  by  the 
enormous  and  finely  classified  exhibit  of  native  products 
from  the  French  colonies.    One  of  the  most  extensive  and 

Mineral  waters,  complete  displays  wa*i  that  of  the  French  mineral  waters 
in  a  special  pavilion.  Forty-five  departments  in  France 
possess  mineral  waters,  and  the  107  leading  springs  yield  a 
daily  supply  of  63,000,000  liters,  divided  as  follows,  accord- 
ing to  their  leading  constituents : 

Liten. 

Character  of  Sulphur  springs v 23,370.000 

springfi.  Carbonic  acid 16,146,000 

Chlorides 13,050,000 

Sulphates 10,050,000 

Iron 384,000 

63,000,000 

»f"*^Vp?J^**h  ^^^  pharmaceutical  preparations  exhibited  in  the  French 
phnnnacouticai  section  prescutcd  a  fine  appearance  and  lead  the  observer 
to  place  a  high  estimate  on  their  claims  for  great  distinction ; 
and  although  some  exhibitors  may  have  enhanced  the  ap- 
parent value  of  their  products  by  meretricious  means,  still 
many  of  them  give  evidence  of  the  considerable  progress 
^Me^ant  piiar-that  is  being  made  in  the  practice  of  "elegant  pharmacy-." 

This  art  is  not  altogether  unknown  in  our  country,  where 
it  is  looked  on  by  the  progressive  party  as  an  evidence  of  a 
steady  progress  in  pharmacy,  and  it  is  hailed  alike  by  doc- 
tor, apothecary,  and  patient ;  yet  it  appears  that  this  prog- 
ress must  be  had  by  the  withdrawal  of  the  manufacturing 
processes  more  and  more  from  the  hands  of  the  apothecary, 
and  bring  him  ultimately  down  to  the  level  of  the  mexe 
retailer  of  articles  made  by  others.  There  can  be  no  doubt 
that  pharmaceutical  preparations,  like  other  products  of 
manufacturing  industry,  may  be  produced  by  means  of  8ni>e- 
rior  apparatus  and  special  skill,  acquired  in  the  constant  per- 
formance of  a  few  operations,  of  better  quality,  more  sightly 
apx>earance,  and  at  greatly  reduced  prices,  than  can  be 
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turned  out  in  the  old  way.    Apropos  of  this  subject,  the       "-^^^^- 
** London  Phannaceutical  Journal  and  Transactions''  says: 

"Recognizing  the  extent  to  which  this  class  of  business  [rrferriug  to    Elegant    phar- 
the  growth  of  'elegant  pharmacy']  has  developed  in  the  last  few  years,  macy. 
the  inquiry  naturally  arises  whether  the  time  is  not  coming  when  the 
practice  of  dispensing  by  the  pharmacist  will  become  exceptional  and       Tendency  to 
when  his  ordinary  occupation  will  be  the  simple  retailing  of  already  Si^ensii^       of 
compounded  medicines.    If  this  be  found  to  accord  with  the  public  Ames   by  phar- 
good  fwd  public  convenience,  there  wi  11  be  little  use  in  protesting  agaiuMt 
it  or  lamenting  over  it,  and  the  pharmacist  would  no  doubt  show  his 
business  skill  by  accommodating  himself  to  the  altered  circumstances. 
But  there  is  one  consideration  that  will  have  always  to  be  borne  in 
mind,  important  alike  to  the  medical  man,  pharmacist,  and  patient,  and 
that  is,  the  dependence  of  the  reputation  of  the  two  former  and  the 
health  of  the  latter  upon  these  articles  being  truly  what  they  are 
represented  to  be.    There  is  no  intention  to  suggest  any  imputation, 
but  simply  to  record  a  note  of  warning,  in  recalling  the  fact  that  four 
years  ago  a  committee  reported  to  the  American  Pharmaceutical  Asso- 
ciation that  competition  had  so  far  developed  the  art  of  elegant  phar- 
macy in  the  United  States  that  not  only  the  physical  characters  of  taste  and   ^  Tendency  to 
,,    ^  ^  -1  -1  ,     ^  ^1         ^     -,  y.  x*^     n  . t  1         adulteration  and 

smell  of  powerful  drugs,  but  the  actual  presence  of  the  drugs  themselves,  fraud  in  the  prcp- 

in  some  preparations  examined,  had  defied  detection.  Such  a  possi-  Jjjj^j^^*  ^^  ^^^ 
bility  will  always  help  to  make  the  now  system  somewhat  repagnant 
to  the  instincts  of  the  true  pharmacist,  notwithstanding  some  undoubted 
advantages  it  presents,  so  that  although  he  may  guard  himself  as  much 
as  possible  by  dealing  only  with  makers  of  established  reputation,  and 
bringing  his  scientific  skill  to  bear  in  testing  the  honesty  of  their  prepa- 
rations, his  feelings  will  still  often  be  expressed  by  the  couplet — 

"  *The  reason  why  I  cannot  tell, 
I  do  not  like  thee".  Dr.  Fell/ 

''However  the  causes  may  be  explained,  and  whatever  may  be  the 
consequence,  a  visit  to  the  pharmaceutical  courts  of  the  present  Exhi- 
bition in  Paris  makes  manifest  two  facts  of  great  importance  in  relation 
to  the  fhture  of  pharmacy,  and  these  are  the  marked  tendency  in  the 
present  day  to  the  accumulation  of  the  preparation  of  medicine  in  the 
hands  of  fewer  persons,  and  of  these,  unfortunately,  taking  into  con- 
sideration the  large  class  of  proprietary  medicines,  a  considerable  pro-  gj*^^*^*'^***"*^ 
portion  have  no  pretensions  to  the  name  of  pharmacist." 

The  cultivation  of  flowers  and  the  extraction  of  their  oils     Flower  farms 
for  the  manufacture  of  perfumes  have  long  ago  rendered  *°  ^^  ""**^"" 
France  famous,  where  this  industry  has  almost  been  elevated 
to  the  position  of  one  of  the  fine  arts. 

Handsome  exhibits  were  made  by  the  houses  of  Chiris,    t^hiris* 

'     Lautier, 

Lautier  Fils,  Eoure-Bertrand  Fils,  and  Court,  all  of  which  Bonre-Bertrana 

flls, 

are  from  Grasse,  and  whose  exhibits  consist  mainly  of  court, 
promades  saturated  with  the  odorous  principles  of  flowers,  Srari^mes.  *'*^* 
for  use  as  matieres  premises  for  the  manufacturer  of  per- 
fumes and  other  toilet  articles,  an  industry  of  great  mag- 
nitude, which  has  its  principal  seat  at  Paris.  The  impor- 
tance of  this  industry  may  be  infcJrred  from  the  following 
statistics :  During  the  first  20  years  of  the  present  cenf iiry 
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FRANOT^     the  annaal  production  of  perfumer's  articles  amounted  to 

FUnoer  /amu  4,000,000  f F. ;    the  busiuess  increased  to  1866,  when  the 
pernmery.   ^^^^^^  amountcd  to   16,000,000  fr.  and  the  home  con- 
sumption   to   10,000,000  fr.   more;    in   1876   the   exports 
were   17,000,000   fr.     Englaud    is    the    largest  customer 
France  has  for  this  class  of  products,  and  tbe  following 

Bxporu.  countries,  in  the  order  in  which  they  are  named,  take  rank : 
Belgium,  Spanish  America,  Brazil,  Germany,  United  States, 
etc. 

Hanaxt,  Anzin.  E.  A.  Hauart,  of  Auzin,  showed  very  superior  oils  from 
labiate  plants;  he  describes  the  cultivation  of  x>6ppermint 

Peppermint  oil.  and  the  manufacture  of  the  oil.  The  plant  is  harvested  in 
full  sanshine  during  the  month  of  May,  put  up  in  little 
shocks,  and  allowed  to  remain  in  the  field  for  several  days. 
It  is  then  brought  in,  carefully  freed  from  all  foreign  herbs, 
and  the  entire  plants  are  placed  in  the  stills,  which  are 
about  60  gallons,  capacity,  and  heated  by  steam  circulating 
around  a  jacket  and  through  spirals.    To  avoid  the  produc- 

Distiiiation.  tiou  of  au  hcrbaccous  taste,  the  distillation  is  carried  on  as 
rapidly  as  possible.  The  yield  is  g^^th  part  and  the  prod- 
uct, which  has  a  greenish-yellow  color,  possesses  a  highly 

Purification,  agrccablc  piquant  odor.  The  crude  oil  is  purified  by  several 
washings  with  cold  water,  and  by  exposure  to  the  air  dur- 

Rectiflcation.  jng  gomc  wccks  in  a  cool,  dark  place.  After  this  it  is  recti- 
fied and  kept  in  bottles  secluded  from  air  and  light  for  some 
years  before  being  offered  for  sale,  when  it  is  said  to  rfval 
the  celebrated  English  oil  both  as  to  quality  and  in  price. 

KoViertet,  Paris.     The  housc  of  Eobcrtet,  of  Paris,  sent  a  specimen  of  solid  oil 

j^saiyot  &  Fou-  of  roses.    That  of  Saujot  &  Foucher,  also  of  Paris,  showed 

Roure-BertTand  a  fine  Specimen  of  concrete  oil  of  orris.    Roure-Bertrand 
^^'**  Fils  exhibited  vaseline  as  a  vehicle  for  odors,  and  Chardin 

8i^<ra^*°*^"*"  ^  Massignon,  of  Paris,  have  applied  parafiQne  to  the  same 

purpose.  There  were  upwards  of  a  hundred  exhibits  of 
perfumes  and  kindred  articles  from  Paris,  and  they  all  bore 
the  appearance  of  finish  in  the  highest  style  of  the  art. 
Pharmacfututs.  Thc  pharmaccutists,  like  the  perfumers,  are  to  be  num- 
bered by  hundreds,  and  they  nearly  all  make  very  fine  and 
diversified  displays  of  chemical  and  galenical  preparations, 
but  many  exhibitors  have  specialties  in  their  vitrines,  the 
nature  and  qualities  of  which  can  only  be  guessed  at. 

Adrian  &  Co.,     The  housc  of  Adrian  &  Co.,  of  Paris,  established  in  1872, 

Pans 

employs  120  operators,  who  manufacture  a  full  line  of  very 
handsome  chemicals  for  i)harmacy,  photography,  etc.  They 
exhibited  resin  of  scammony  of  nearly  perfect  whiteness,  ex- 
ceedingly beautiful  specimens  of  crystallized  digitaline,  data- 
rine,  atropine,  the  salts  of  pilocarpine,  etc.    The  establish- 
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ment  is  a  model  pharmaceutical  laboratory,  provided  with      vtjj^cu. 
all  the  modem  appliances  for  the  economical  proparat  on  of  Pkarmaceutuu. 
chemicals,  pharmaceutical  products,  such  as  alkaloids  and 
their  salts,  chloroform,  ethers,  extracts,  powders,  pills,  oint-    AUiian  &  co. 
ments,  pastiles,  capsules,  apothecary's  confectionery,  etc. 
It  has  attached  to  it  a  complete  laboratory  mounted  for    Laboratory-. 
chemical  analysis  and  research,  which  is  open  to  members 
of  the  medical  and  pharmaceutical  professions.    There  is 
another  feature  connected  with  this  manufactory  which  is 
of  great  convenience  and  advantage  to  the  pharmacists  of 
Paris  and  its  environs.    Its  x>6rfected  apparatus  and  ma- 
chinery are  placed  at  the  disposition  of  those  who  choose  to 
superintend  the  fabrication  of  their  own  preparations. 
Mouysset  and  Darasse  &  Co.,  of  Paris,  and  Grandval,  of  ^      MotiyMet; 

^77        Darnftae   &.  Co.; 

Beims,  as  well  as  Adrian  &  Co.,  exhibited  extracts  made  by  Gnmdvoi;  Adri- 

a  special  process.    They  present  a  light  color,  a  frothy, 

porous,  crispy  structure,  and  appear  to  be  dry  and  non-hy-    Non-hygroeoo- 

groscopic.    They  are  said  to  be  made  in  vacuo,  freed  from  extracts.' 

chlorophyll,  and  possess  the  therapentical  qualities  of  their 

plants  in  a  high  degree.    Some  of  these  extracts  are  shown 

by  Barasse  dissolved  and  dried  on  glass  dishes,  on  which 

they  appear  transparent  like  varnish. 

Loret,  of  Sedan,  exhibited  extracts  prepared  from  fresh    ^»^<'*»  sedmi. 
narcotic  plants,  freed  entirely  from  such  matters  as  chloro- 
phyll, starch,  albumen,  and  fktty  matters ;  they  are  said  to 
be  very  permanent  and  thoroughly  reliable. 

Grandval  and  Mouysset  exhibited  saccharated  extracts  socciuimtedox. 
which,  when  diluted  with  a  proper  proportion  of  sirup, 
form  the  medicated  sirups  of  the  codex. 

Armet  de  Lisle  &  Co.,  of  Nogent-sur-Marne,  displayed  a    Peuetier. 
large  collection  of  the  salts  of  cinchona  alkaloids.     This    cinchona  aik.v 
house  is  the  successor  of  Pelletier,  the  discoverer  of  quinine,  ^^  ' 
and  the  products  made  by  it  sustain  the  highest  reputation. 
The  amount  of  Peruvian  bark  worked  up  at  this  establish- 
ment is  said  to  exceed  1,000,000  kilos,  and  12,000  kilos  of 
sulphate  of  quinine  are  extracted  annually,  10,000  of  which  suiphateofqm- 
areexx>orted.    Other  manufacturers  of  quinine  and  its  salts" 
are  Taillandier,  of  Argenteuil,  near  Paris,  and  Dubosc  & 
Co.,  of  Paris,  who  showed  fine  specimens  of  their  products. 
Amorphous  quinine  was  contributed  by  Perret  and  by  Lim-     .  Amorphons 
ousiu,  of  Paris.    E.  Beau,  of  Alais,  had  a  case  containing 
preparations  of  antimony,  and  E.  Bellat,  of  Bouen,  sent  ^^^^^^ntimimy. 
ethers,  chloroform,  chloral,  tannin,  etc.    Phenol  and  its  de-  ©tc. 
rivatives  for  hypodermic  use  were  contributed  by  D6clat  &  rfvativ^^''"'^  ^"^ 
Co.,  of  Paris.    Delpech  &  Co,  of  Paris,  showed  a  large  num- 
ber of  preparations  of  cubebs  and  eucalyptus,  and  DesnoiXoaJ^p^'"**^*^"* 


118 


UNIVERSAL   EXPOSITION   AT   PARIS,  187a. 


FUAXCE. 

Pficnnaeeutiatn. 

H\:::iatnsmc. 


Cantharidino. 


Digitallne. 
Nattivclle. 
BlaquorL 


HorefiUX. 
Atropine. 
Daturme. 

XarccLue. 


Curariin*. 


BUlault  &  BU 

lar.dot. 

C.  Hoffraaun. 


Magnificent  ox 
hibit  of  the  chem- 
ist's art 


&  Co.,  of  Paris,  exhibited,  among  their  pharmaceutical  iirepa- 
rations,  hematosiue,  and  a  cross,  weighing  20  grains,  uiskIc 
of  iron  extracted  from  blood.  Fumouze  Fr^res,  of  Paris, 
along  with  their  famous  "  Vesicatoire  d'Albespeyre,  had  a 
fine  specimen  of  pure  cantharidine,  and  the  Spanish  fly  pre- 
served lor  ten  years  in  an  atmosphere  of  bisulphide  of  car- 
bon. A  number  of  compounds  of  cantharidine,  with  the 
alkalies  and  metallic  oxides,  were  also  exhibited  in  this  casLt 
by  M.  Beguin,  who  also  prepares  a  plaster  having  caout- 
chouc for  its  basis. 

M.  iN^attivelle,  who  first  produced  digitaline  in  a  crystallized 
state,  exhibited  some  handsome  specimens;  and  M.  Bio- 
quart,  the  successor  of  HomoUe  &  Querenne,  besides  digi- 
taline in  well-defined  crystals,  showed  a  capsule  containing 
the  substance  in  an  amorphous  state,  bordered  by  a  fringe 
of  feathery  crystals,  indicative  either  of  a  process  of  trans- 
formation or  that  there  are  really  two  bodies,  one  crystal- 
lizable,  the  other  not,  and  that  the  former  is  crystallizing 
out  from  a  mixture. 

Moreaux,  of  Anizy-le-Chateau,  exhibited  fine  specimens 
of  atropine  and  datnrine  and  their  salts,  and  some  bit>mo- 
hydrate  of  conicine.  Narceine  and  some  galenical  prepa- 
rations made  from  it  were  found  in  the  case  of  M.  Gigon,  of 
Rue  Eambuteau,  Paris.  Montreuil  Frferes,  of  Clichy-la-Ga- 
renne,  have  an  excellent  collection  of  drugs,  among  which  are 
a  calabash  of  curare,  specimen  of  curarinc^,  and  some  mag^- 
uificent  crystals  of  iodide  of  cadmium ;  and  Helain,  pt  Paris, 
a  large  assortment  of  powdered  drugs.  The  most  attract- 
ive displays  of  fine  chemicals  in  the  building  weie  those 
made  by  Billault  &  BiUaudot. 

G.  Hoffmann,  Dubosc  &  Co.,  and  Dorvault  &  Co.  (Pharma* 
cie  Centrale  de  France),  all  of  Paris:  The  firm  first  named 
had  an  exhibit  of  rare  and  beautiful  chemicals,  which  mer- 
ited the  term  magnificent,  and  was,  perhaps,  the  finest  dis- 
play of  the  chemist's  art  which  bas  ever  been  made.  An 
enthusiastic  chemist  has  described,  in  a  few  words,  this  ehef 
d^csuvre  of  the  French  section : 

*  ^  The  bed  of  the  case  i s  covered  with  crystallized  bifimiith,  the  splendid 
iridescence  of  which  demonstrates  that  the  secret  of  preparing  this  is 
not  lost,  as  has  been  reported.  Grouped  above  this  are  a  large  n amber 
of  beaatiful  chemicals,  among  which  may  be  mentioned  crystallized 
glucose,  crystallized  dambonite  (caoutchouc  sugar),  and  crystallized 
mannite ;  leuciue  from  albumen,  tyrosine  from  iibrine,  and  alantinefrom 
fibrine,  in  white  crystalline  flakes.  Then  there  is  a  specimen  of  ery- 
thrite,  or  erythromannite,  in  transparent  crystals,  sparkling  like  so 
many  diamonds,  and  another  in  wcU-formed  crystals  nearly  as  large  a.H 
a  man's  fist ;  also  sublimed  alizarine  in  needles  almost  an  inch  long,  and 
sublimed  indigatine  in  large  fine  crystals,  resembling  those  of  perman- 
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ganate  of  potash.    Sulphate  of  Gadmiuiu  appears  iu  wouderfuliy  per-        p.:a>ci:. 
feet  large  white  rhombic  prisms,  and  is  accompanied  by  some  fine  iodide  j'harmaceutittM 
of  cadmium ;  silicon  is  also  there  in  steel-gray  crystals.     But  one  of 
the  most  exquisite  collections  in  this  case  is  a  group  of  platino-cy  auides,     C.  Hoffmaou. 
not  only  because  of  their  beautiful  appearance,  but  for  the  interestiug 
illustration  they  afford  of  the  polymorphism  (polychroism?)  of  these 
compounds.    Then  the  yttrium  platino-cyanide  is  in  dichroic  red  and 
green  crystals ;  whilst  the  potassium  platino-cyanide  forms  crystals  of  a 
rich  copper-bronze  color,  to  which  the  double  platiuo-cyauido  of  potas- 
sium and  sodium  affords  a  vivid  contrast,  its  crystals  being  of  a  bright 
yellow  with  a  purplish  tinge." 

A  specialty  of  this  house  is  the  preparation  of  tannin,  of  '^■™^"- 
which  they  manufactured,  by  improved  process  and  appa- 
ratus, in  1876, 60,000  lbs.,  of  which  two-thirds  were  exported 
to  Bnssia,  where  it  is  used  for  the  tanning  of  hides.  During 
the  same  period  it  produced  4,000  lbs.  of  gallic  acid,  more  Oaiuc  acid, 
than  one-half  of  which  was  consumed  in  the  preparation  of 
pyrogallic  acid. 

Chlorate  of  baryta  was  produced  in  the  amount  of  4,000^  Ojiornte  of  ba. 
lbs.    Ten  thousand  pounds  tartar-emetic  are  annually  pro-    Tartaremetic. 
duced.    Twenty  thousand  boxes  of  phosphide  of  calcium  ^^  cfticum?^for 
were  prepared  for  the  government  for  the  self-luminous  "•^^^y  ^'^^"y'* 
safet}'  buoys  lately  introduced  into  the  French  marine  serv- 
ice. 

The  house  of  G.  Hoihnann  exhibited,  among  many  fine  Fine  ruUictiou 
specimens  of  chemicals,  including  a  collection  of  the  rarer  Sis,  aika?5d«,"tc. 
metals,  a  number  of  alkaloids  and  kindred  bodies  and  sev- 
eral synthetical  organic  products.  Worthy  of  mention  were 
noticed  ^serine  and  its  salts,  atropine,  digitaline,  an  im- 
mense display  of  splendidly  crystallized  caffeine,  a  good 
show  of  morphine  salts  with  the  allied  bodies,  meconine, 
codeine,  thebaine ;  also  paracotoin,  kamaliue,  elaterine,  men- 
ispermine,  and  a  superb  specimen  of  what  is  rarely  seen, 
namely,  white  crystallized  hyoscyamine ;  a  vase  contain- 
ing a  fascicle  of  long  crystals  of  phthalic  anhydride,  a  sub- 
stance recently  sprung  into  great  importance  as  a  factor  in 
the  production  of  the  new  and  ravishing  i^esorcine  colors. 
An  interesting  collection  of  educts  and  products  derived 
from  the  animal  secretions  were  among  the  collections  of 
M.  Hoffmann.  . 

The  Pharmacie  Oentrale  de  France  (Dorvault  &  Co.)  is    Dorvauit&co. 
perhaps  the  most  extensive  manufactory  of  the  multitude 
of  chemical  pharmaceutical  confectionery  and  semi-propri-  PharmaceaUoai 
etary  articles  used  by  apothecaries  in  France.    Formerly  it  ^^  ^  "°*'^' 
had  its  sole  seat  in  the  city  of  Paris,  not  far  from  the  Hotel 
de  Ville,  but  some  years  ago  the  company  purchased  the 
drug-powdering  mills  of  M.  Menier  (the  famous  chocolate 
manufacturer),  at  St.  Denis,  and  have  extended  and  im- 
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^^^cn.       proved  the  property  until  it  is  to-day  a  very  large  and  thor- 

pharmaceutigu.  oughly  equipped  chemical  works,  turning  out  annually  a 

large  and  varied  product  of  chemical  and  galenical  prepa- 

Dorrauit&co.  pg^^Qjjg^  Their  exhibit  consisted,  among  many  other  sub- 
stances, of  a  jar  of  a  hundredweight  or  so  of  large  and 

strychnine,  haudsomc  crystals  of  strychnine ;  a  half  a  hundredweight 
of  hydrate  of  chloral  in  the  form  of  a  sphere;  specimens  of 

Litwum*!*^'    ^'^re  metals,  lithium  for  example;  a  good  specimen  of  hera- 

AikaioiiiB.  pathite;  racemic  acid;  alkaloids  and  their  salts,  such  as 
quinine,  pilocarpine,  igasurine,  atropine,  jalap,  and  scam- 
mouy  resins  nearly  free  from  color. 

DeLaire  sl  Co.      jy^  Lalrc  &  Co.  exhibited  an  interesting  specimen  of  arti- 

vanJUine.  flcial  vauiUine,  prepared  synthetically,  which  diffused  its 
grateful  odor  for  some  distance  around.  They  had  also 
sugar  aromatized  with  it  and  a  preparation  styled  ^^dragees 
k  la  vanilline.^  The  method  of  preparing  this  body  will 
be  described  in  another  place ;  but  it  may  be  noticed  here 
that  Haas  &  Bosenfeld,  manufacturers  on  a  large  scale  of 
essential  oils  and  artificial  flavoring  essences,  have  stated,  as 
the  result  of  their  experience,  that  artificial  yanilline  is 
quite  useless  in  the  flavoring  of  liqueurs^  etc.,  but  that  it  may 
find  its  place  as  an  odor  in  the  art  of  perfumery. 

E.Peiret.  jj^  Perrct,  Paris,  showed  pepsin  and  pancreatine  prepara- 

Pep8me,ote.  tious,  diastasc,  bromide  of  camphor,  and  crude  quinium 
from  Losca  bark, 
^igaud  &  Du-  Rigaud  &  Dusart,  successors  of  Grimault  &  Co.,  are  man- 
ufacturers of  a  number  of  specialties  in  the  way  of  elegant 
pharmaceutical  preparations,  which  have  obtained  a  large 
share  of  public  patronage  in  various  countries.  The  fab- 
rique  gives  employment  to  150  operatives  and  cums  out 

Producuon.  annually  3,000,000  Irancs'  worth  of  produce.  They  exhibited 
lUesl^riraps,^^'  l^andsome  perleSy  capsules,  pills,  pastiles,  dragies^  gran- 
»enw8.  yi^g^  sirups,  essences  de  maticoy  and  de  holdo^  de  santaly 

de  sassafras^  etc. ;  the  distillations  of  the  essences  being 
effected  by  a  new  process,  in  which  a  ''double  current  of 
i)team  "  is  claimed  to  give  much  better  results  than  has  here- 
tofore be^n  obtained.  They  had  also  in  their  vitrine  canna- 
cre»tine*e"c.^"'^^^®»  guarauinc,  etc.,  as  well  as  pepsin  and  pancreatine 
preparations.  Their  wares  are  characterized  by  great  neat- 
ness, taste,  and  finish  of  their  envelopes.    Methylio,  amylic, 

Chlorals.  ethylic  chlorals  and  Lecont^s  alcoholate  of  chloral  were 
shown  by  this  house,  and  propylic  chloral  was  exhibited  by 
M.  Torchon,  of  Paris,  who  had  some  singular  specimens 
amongst  his  chemicals ;  they  were  a  rat  and  a  cock  preserved 
siuce  1871  by  the  antiseptic  power  of  a  ten  per  cent,  solu- 
tion of  chloral  injected  into  their  veins. 
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Sohlumberger  &  Cerckel  were  among  the  few  who  exhib-      y^^^c^- 
ited  specimeBS  of  the  highly  praised  salicjlic  acid  and  its  PhannaMnuitts. 
many  preparations;  numerous  compounds  were  shown,  such     scUmnberger 
as  the  pure  acid  in  the  amorphous  form,  as  well  as  in  a  crys- 
tallized and  sublimed  state,  and  its  salts  with  potassium,    h^HS^^^^^^ 
ammonium,  zinc,  magnesium,  lithium,  quinine,  morphine, 
copper,  and  lead.    The  lithium  salt  is  said  to  be  quite  effi- 
cacious in  the  treatment  of  some  forms  of  rheumatism,  gout, 
and  calculous  diseases. 

Poulenc  &  Wittmann,  Paris,  had  a  fine  display  of  per- ^,    Poai«»o  & 
manganate  of  potassa  m  very  large  and  long  crystals; 
lactates,  formates,  nitro-prusside  of  sodium,  iodine,  glycer- 
ine, and  many  other  handsome  chemicals  used  in  pharmacy. 

Querenne's  iron  was  shown  by  M.  Bloquart,  in  the  form  of  Bioqnart. 
a  very  fine,  light,  slate-gray  powder,  absolutely  Iree  fipom  Qnerenne'sbtm. 
sulphur,  which  was  evidenced  by  the  non-coloration  of  lead 
water  by  a  stream  of  gas,  produced  by  the  action  of  diluted 
hydrochloric  add  on  a  portion  of  the  reduced  iron,  and 
passed  through  the  solution  of  lead  salt. 

Fer  h4matique  Michelj  consisting  of  a  phosphate  of  iron    fm-  Mmatiqw 
and  phosphate  of  sodium  dissolved  in  water  rendered  alka-  ■*******• 
line  with  soda,  was  exhibited  as  a  preparation  representing 
the  form  in  which  iron  exists  in  the  blood. 

The  blue  phosphate  of  iron  (ferroso-ferric  phosphate)  and  l.  joUv. 
the  green  and  the  white  phosphates  (ferric  phosphate)  were  iron.  **^  a  s  o 
exhibited  by  L.  Jolly,  of  Paris,  who  claims  to  have  obtained 
a  phosphate  of  iron  as  an  educt  from  the  blood.  He  seems 
to  have  devoted  much  time  and  attention  to  the  study  of 
the  actual  condition  or  state  of  combination  of  the  iron  in  condition  of 
the  blood,  and  republishes  some  of  his  memoirs  that  have^™"*"***®^'****^ 
l>een  presented  to  the  various  scientific  societies  of  Paris. 
One  of  these,  entitled  '<  Becherckes  sur  la  constitution  chi- 
tnique  des  globules  sanguins^^  claims  in  substance  that  iron 
exists  in  the  blood  globules  in  the  state  of  tribasic  phos- 
phate. He  also  states  that  iron  does  not,  as  is  generally 
affirmed,  form  an  integral  part  of  the  coloring  matter  of 
blood,  and  this  he  thinks  he  demonstrates  by  exhibiting  a 
chloroformlc  solution  of  the  hematic  pigment,  free  from 
iron,  and  he  subsequently  gave  a  method  for  extracting  the 
phosphate  of  iron  from  blood,  and  among  the  exhibits  was 
a  quantity  of  it  obtained  frt)m  bullock's  blood  by  means  of 
the  process  described.  This  frindamental  physiological  re- 
search of  M.  Jolly,  if  it  proves  to  be  trustworthy,  reflects 
great  credit  on  pharmacy. 

Boudalt^s  pepsin  was  exhibited  in  many  forms  by  Hot-   Bondait's  pep- 
tot  &  Co.    Ghassaing  &  Go.  and  M.  Perret  had  pepsin,  sep- ' 
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^it^^'      arately  and  a  compound  called  pepsin-diastase  among  their 

Pharmaeeuiiatt.  cxhibits.    M.  Tlsj  showed  an  "  elixir  eupeptique,'^  which  is 

tique.^^'^^^p^MlS'  ®^^^  *^  contain  0.10  grams  of  pancreatine,  0.30  grams  of 

dia»ta»o.  etc.      diastasc,  and  0.10  grams  of  pepsin  to  the  spoonful,  while 

M.  Gatillon  had  a  preparation  of  pepsin  containing  cinchona, 
iron,  wine,  and  glycerine. 

The  pharmaceutists  of  France  and  of  other  European 

states  have  not  limited  themselves  to  the  separation  of 

digcT^^oSS!  ^^  pepsin,  pancreatine,  and  diastase  as  aids  to  digestion,  but 

they  have  gone  extensively  into  the  preparation  of  digested 
ibod,  under  the  forms  of  peptones,  for  the  invalid. 
digMUv^Jinc?     ^"  I^efrcsne,  who  has  made  a  study  of  digestive  princi- 
ples. pie3^  i^as  laid  a  report  before  the  Academy,  in  which  be 

claims  to  have  isolated  three  distinct  ^'  ferments,"  eaid  has 
Myopnne,       named  one  myopsine,  capable  of  digesting  104  times  its 
weight  of  dry  albumen,  but  without  action  on  fat  or  starch; 
suaop»itie.      auothcr  he  calls  steaopsine^  capable  of  breaking  up  24  times 
its  weight  of  fat  without  acting  on  starch ;  and  a  third, 
Amyiopnne.    amylopmie^  not  affecting  fat,  but  capable  of  converting  25 
times  its  weight  of  starch  into  glucose.    He  makes  another 
important  observation,  which  is  that  the  pancreatic  juice  is 
not  identical  in  different  genera  of  animals,  but  attains  its 
maximum  power  upon  albumen —  i.  6.,  contains  most  myop- 
sine — ^in  the  omniverae,  whilst  in  the  ruminantise  it  is  al- 
Aotion  of  pan-  most  without  actiou  on  albumen.    As  proof  of  the  power 
'  of  his  digestive  agent  he  exhibits  the  skeleton  of  a  turkey, 
originally  weighing  about  17  lbs.,  floating  in  a  yellowish 
fluid,  the  flesh  of  which  was  entirely  dissolved  (digested) 
by  means  of  his  pancreatine  mixed  with  warm  water,  into 
which  the  whole  turkey  was  put  immediately  after  it  was 
On  starch.       killed  and  "  dressed.''    He  also  shows  glucose  resulting  from 
the  conversion  of  starch  by  means  of  amylopsine  and  cod- 
liver  oil,  which  has  beeu  emulsifled  or  digested  by  pan- 
creatine, 
on^pt^i"^*^     In  regard  to  peptones.  Dr.  Henninger,  a  distinguished 

young  chemist  of  Paris,  in  a  late  work  on  the  nature  and 
physiological  rdle  of  peptones,  says  he  has  found  that  the 
peptones  derived  from  flbrine,  albumen,  or  caseine,  when 
ireed  &om  mineral  matter,  all  appear  as  white,  amorphous, 
infusible  powders,  very  soluble  in  water  and  in  glacial 
acetic  acid.  They  react  slightly  acid,  and  behave  like 
aoetio^^TutioM  feebly  acid  amides.  When  an  acetic  solution  of  a  peptone 
of  peptones.  jg  treated  with  sulphuric,  hydrochloric,  or  nitric  acid,  a 
plentifid  white  precipitate  is  immediately  formed,  and  collects 
into  a  nearly  colorless  viscous  mass,  soluble  in  water.  This 
he  looks  upon  as  a  salt  of  peptone,  corresponding  to  the 
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acid  employed,    ^o  difference  could  be  detected  in  the  be- 


123 


FBANCB. 


bavior  of  peptones  from  various  sources  towards  reagents,  Pham^ceutuu. 
all  baviug  certain  characters  in  common  with  albuminoid 
matters,  but  less  tendency  to  coagulation  and  precipitation. 
They  approach  closely  to  gelatine,  but  their  hot  solutions  do 
not  gelatinize  on  cooling.  Peptones,  although  apparently  Pt-ptone«. 
identical  in  their  chemical  properties,  differ,  like  the  albu- 
minoid matters  from  which  they  are  derived,  in  their  eff'ect 
on  i)olarized  light,  the  rotatory  power  of  albumen-peptone 
being  the  weakest  and  that  of  caseinc-peptone  the  strongest. 


FRENCH  COLONIES. 


FlUUiCU  COLO- 
NIES. 


The  collection  of  crude  drugs  sent  to  the  Exposition  from  Larpe  coUec 
Algeria  and  the  French  colonies  was  very  large  and  varied,  draKn.^ 
well  arranged,  distinctly  labeled,  and  to  the  student  of 
natural  history  was  exceedingly  interesting.  Its  value  was 
greatly  enhanced  by  a  thorough  and  systematic  catalogue 
which  the  commissioner  had  prepared.  This  exhibit  was 
certainly  one  of  the  best  in  the  building,  and,  coming  from 
all  parts  of  the  world,  served  to  give  at  a  glance  a  general 
aqd  comprehensive  view  of  nearly  the  whole  vegetable  ma- 
teria medica. 

French  Guiana  sent  a  great  number  of  medicinal  plants  French  Guiana, 
and  other  crude  materials  for  pharmacy,  among  which  may 
be  mentio  led  citrate  of  lime,  prepared  from  the  juice  of  the 
lime,  which  grows  abundantly  in  that  country  ]  curari  poi- 
son and  arrows  poisoned  with  it;  grains  of  paradise;  co- 
paiba ;  Fareira  hrava,  and  a  yellow  Pareira  brava^  which  is 
recommended  only  for  obstructions  of  the  liver ;  simaruba, 
and  QtM8»ia  amara.  There  was  exhibited  from  this  colony 
a  wood,  the  infusion  or  decoction  of  which  is  reputed  to  be 
strongly  aphrodisiac.  Oil  of  boa-constrictor,  a  remedy  for 
pains,  etc.,  was  contributed  by  the  central  committee.  Ton- 
qua  bean  and  Vanilla  pompona  were  among  the  articles  used 
in  pertumery. 

Martinique  sent  a  great  variety  of  drugs,  principally  de-  Martinique, 
rived  from  the  vegetable  kingdom,  some  mineral  waters,  and 
a  few .  articles  useful  in  the  art  of  perfumery.  Oinchona  cinchouabarka. 
barks  were  exhibited,  and  it  is  said  that  the  Peruvian  cin- 
chonas, rich  in  quinine,  may  be  successfully  raised  on  the 
high  lands.  Among  the  many  plants  exhibited  was  the  Cas- 
sia occidentalism  the  seeds  of  which,  when  roasted,  are  said  to 
form  the  best  known  substitute  for  coffee,  so  that  if  mixed 
urith  ground  coffee  in  a  proportion  no  greater  than  one-fifth 
it  is  impossible  to  detect  it  either  by  sight  or  taste. 
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FKCXCH  COLO- 
KIEB. 

Gnadelonpe. 

St  Pierre  alid 
Miquelon. 


Senegal. 

Ground-nuts 
and  gums. 


Gaboon. 

Poisonous  vege- 
table agents. 


StrophanUu. 


Pzeparation. 


Tojdo  action. 
Cardiac  poison. 


From  Gaadeloupe  the  principal  article  in  the  line  of  drugs 
was  vanilla,  which,  besides  sugar  and  Gampeachy  dye-wood, 
is  the  largest  export  from  that  island. 

The  Isles  of  St.  Pierre  and  Miquelon  sent  only  such  crude 
articles  as  are  common  in  the  Fnited  States  and  Canada. 
A  variety  of  Sarracenia^  in  great  repute  as  an  abortive  and 
remedy  for  small-pox,  was  exhibited,  as  well  as  Oaultheria' 
procumbens,  Goptis  trif,^  and  Abies  canad.^  the  young  twigs  of 
the  latter  being  used  in  the  fabrication  of  "  spruce '^  beer 
and  for  tonic  baths. 

From  Senegal  the  items  of  largest  export  are,  as  given  in  the 
official  reports  for  1876,  groundnuts (Arachides),  24,000,000 
kilos ;  gum  Senegal  (ot  all  descriptions),  2,486,395  kilos ;  and 
of  caoutchouc  an  amount  valued  at  537,382  fr.  Yettiver 
is  exhibited  by  Lenormaud,  of  Saint  Louis. 

Gaboon  contributed  many  vegetables  possessed  of  very 
poisonous  properties,  and  which  no  doubt  will  yield  valua- 
ble therapeutic  agents  when  they  are  thoroughly  studied. 
Among  these  may  be  noted  Strophantus  hispidus ;  ilango^ 
a  plant  belonging  to  the  OrchidacecB;  icaja^  from  a  species 
of  Stryohnos;  atchimS^  from  a  species  of  Ignatia;  oJcanyago 
and  calabar  leaves  (Physostigma  venenoaum).  OurendS  is  said 
to  be  powerfully  aphrodisiac.  Phyaoatigma  ven.  and  its  al- 
kaloid, Saeririej  have  been  described,  and  are  now  employed 
as  valuable  therapeutic  agents  by  the  medical  profession  in 
most  countries,  and  need  no  further  notice  in  this  place; 
but  the  Strophantus  hisp.^  the  Erythrophleum  guinsense^  the 
atchimij  and  the  icaja  deserve  more  than  a  passing  notice. 

The  common  name  of  the  Strophantus  is  inie  or  onaye. 
It  is  a  climbing  plant,  belonging  to  the  family  ApooynacecBj 
and  yields  a  seed  which  contains  a  crystallizable  principle 
endowed  with  powerful  toxic  properties.  This  principle, 
which  is  called  strophantine^  is  obtained  from  the  crushed 
seeds  by  extraction  with  cold  alcohol  of  90^,  which  is  got 
rid  of  by  careful  evaporation.  The  resulting  extractive 
matter  is  exhausted  with  cold  water,  which  after  filtration 
is  concentrated  until  on  cooling  crystals  appear.  These  are 
to  be  purified  by  a  second  crystallization.  They  form  quad- 
rilateral plates,  derived  from  the  .orthorhombic  prism,  and 
their  solution  deviates  feebly  the  ray  of  polarized  light  to 
the  left.  They  are  soluble  in  water  and  alcohol  and  slightly 
or  not  at  all  soluble  in  ether  and  chloroform.  To  test-paper 
the  crystals  are  neutral  and  do  not  give  reactions  character- 
istic of  the  alkaloids.  It  is  powerfully  poisonous  and  pro- 
duces death  by  arresting  the  action  of  the  heart,  the  nervous 
system  and  muscles  maintaining  their  activity  for  sometime 
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after  the  heart  has  ceased  to  beat.    An  alkaloid  called  inline  fb»«ch^ooix>- 


ha8  been  extracted  fix>m  the  appendages  of  the  seeds  of  this  — 
plant,  which  does  not  seem  to  be  capable  of  paralyzing  the   Gaboon. 
action  of  the  heart  as  strophantiue  has  been  observed  to  do. 

Erytkraphleum  guinsensey  a  leguminous  plant  belonging  to 
the  tribe  Mimosas j  known  b^  the  common  name  man^^dne  or   Erythrophieum 
bauranej  yields  a  bark  {sassy  bark)  which  the  natives  of  the^*****^** 
west  icoast  of  Africa  employ  for  the  purpose  of  preparing 
an  extract  with  which  they  poison  their  arrows.    It  has  been  .^  ^^^'^^^' 
known  for  many  years,  and  quite  recently  Drs.  Gallois  and 
Hardy,  of  Paris,  have  investigated  the  bark  of  the  tree 
chemically  and  discovered  in  it  an  alkaloidal  body  of  most 
energetic  poisonous  properties,  which  they  name  erythro- 
phUine.    It  is  extracted  from  the  powdered  bark  by  a  proc-    Pri»oeM. 
ess  similar  to  that  employed  by  Stas  for  the  separation  of 
alkaloids.    The  chemical  reactions  of  this  body  resemble  in 
some  respects  those  of  strychnine,  but  it  has  not  been  suffi- 
ciently studied  to  enable  its  characteristic  properties  to  be 
distinctly  laid  down.    It  has  been  proved  to  be  a  strong 
^rardiac  poison,  the  action  of  the  he^rt  being  speedily  ar-    caTdiaopoiiwn. 
rested  by  it,  while  the  other  muscles  of  the  body  retain  their 
irritability  for  hours  after  the  arrest  of  the  action  of  the 
central  organ. 

Icaja^jB^  shrub  called  m'bonchn  or  bondon^  and  belonging  icaja. 
to  the  family  of  the  LoganacecSy  furnishes  the  ordeal  poison  ^>^«^  poUon. 
employed  by  the  natives  about  Gape  Lopez.  An  alkaloid 
has  been  extracted  from  the  bark  of  this  plant  by  Frazer, 
and  Drs.  Gallois  and  Hardy  have  also  established  the  pres- 
ence of  a  i)oisonous  principle  in  it,  whose  action  is  said  to 
be  similar  to  that  of  strychnia.  All  these  substances  have 
been  obtained  in  such  small  quantities  that  the  investiga- 
tors have  not  been  able  yet  to  pursue  their  researches  to  a 
point  definite  enough  to  warrant  an  absolute  statementas  to 
their  real  chemical  properties  or  their  physiological  or  toxi- 
cological  effects. 

Algeria  made  an  extensive  and  fine  display  of  drugs,  tan-    Algeria. 
uing  and  dyeing  materials,  all  handsomely  arranged  in  a  spe-  ^^^^^  ^^ 
cial  Algerian  building  situated  in  the  Trocad6ro  inclosure.  tanning  and  dre. 
Etiealyptus  globtUuSj  Spanish  pellitory,  colocynth,  squill,    *"*  '^ 
Thapsia  silphium  are  among  the  most  noteworthy  of  the 
exhibits  of  medicinal  drugs.    The  only  specimen  of  the  ^^er- 
ffoi  du  diss  "  in  the  Exposition  found  a  place  in  this  collec- 
laon.    Apparently  the  most  important  substance  of  a  me- 
dicina?  nature  exhibited  in  the  Algerian  section  is  the  bou- 
mrfa  resinj  which  is  the  local  name  of  the  great  panacea  of 
the  North  African  Arabs  for  Thapsia  resin,  much  of  which    Thapau  reain. 
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FRBXCH  OOLO- 
NIE8. 


Algeria. 


Maima  plant. 


BiiOHlyptna. 


Cork. 


Sponge. 


R6union. 
Vnnilla. 


lucroase  of  ex- 
ports nnd  reduc- 
tion of  price. 


Exhaustive 


crop. 


is  exhibited,  along  with  an  apparatus  used  for  its  prepara- 
tion. Several  French  houses  have  taken  up  this  resin  as 
the  material  for  a  revulsive  plaster,  and  there  is  a  fair  chance 
that  it  may  succeed  as  a  popular  remedy.  Fronds  of  the 
Lecanora  esculents  are  exhibited,  which  are  not  only  curious 
on  account  of  their  singular  appearance,  but  interesting  on 
account  of  the  supposed  identity  of  the  plant  with  that 
which  furnished  the  manna  of  the  Scriptures.  It  is  said  to 
be  now  used  as  a  substitute  for  wheat  when  that  cereal  is 
scarce,  or  rather  to  mix  with  it  as  a  diluent,  for  its  nutritive 
power  cannot  be  very  great,  since  oxalate  of  lime  constitutes 
two-thirds  of  its  weight.  Eucalyptus  was  shown  in  all  its 
forms;  leaves,  bark,  oil,  essence,  tincture,  wine,  sirup,  liq- 
uor, lotion,  pills,  cigarettes,  etc.,  occupy  a  conspicuous  posi- 
tion. Eucalyptol  is  the  active  medicinal  agent  of  the  plant, 
but  another  principle,  eucalyptic  acid,  has  been  found  to  exist 
in  some  abundance  in  the  E,  rostrata^  and  is  supposed  to  be 
the  agent  in  the  timber  from  that  tree  which  protects  it  from 
from  the  attacks  of  the  Teredo  navalis. 

Corks  and  cork  wood  are  among  the  largest  items  of  ex- 
port from  Algeria.  In  1876  the  figures  were  5,223,000  fr. 
while  barks  for  tanning  purposes  were  shipped  to  the  amount 
of  19,046  tons,  valued  at  3,809,000  fr.  Sponges  are  said  to 
be  found  on  the  coasts,  of  a  fineness  and  quality  comparble 
with  those  from  Syrian  waters. 

From  the  Isle  of  Reunion  vanilla  was  the  most  interest- 
ing article  exhibited,  and  since  this  perfume  has  grown  to 
be  of  such  importance  in  the  three  arts  of  pharmacy,  per- 
fumery, and  confectionery,  it  would  not  be  uninteresting  to 
know  how  the  French  nation  foster  its  cultivation.  It  is 
stated  by  a  Late  writer — ^the  reporter  for  the  "  Pharmaceuti- 
c;al  Journal  and  Transactions" — that  in  1849  only  3  kilos 
were  exported  from  this  island,  but  in  1876  the  exports 
amounted  to  27,759  kilos,  and  that  the  price  has  fallen  from 
500  fr.  the  kilo  to  32  fr.  The  average  price,  however,  for  a 
a  prime  article  is  from  50  to  100  fr.  the  kilo.  The  cultiva- 
tion of  this  plant  is  attended  with  great  exhaustion  of  the 
soil,  taking  from  each  hectare  in  seven  years  932  kilos  of 
potassium  and  1,350  kilos  of  phosphoric  acid,  besides  con- 
siderable lime  and  magnesia.  This  impoverishn^ent  of  the 
soil,  and  the  subsequent  prolonged  artificial  fertility  thereby 
necessitated,  weakened  the  plants  very  much,  so  they  fre- 
quently showed  symptoms  of  blanching,  which  was  followed 
by  the  attacks  of  destructive  parasites  such  as  Bacterium 
putredini^j  etc.  Fresh  plants  were  obta.ined  from  Mexico, 
apropriate  manure  was  used,  and  a  plan  of  pruning  adop- 
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ted,  SO  that  the  plantations  now  present  a  healthy  appear-   ^k^;^^<^^- 

ance  and  produce  freely.    Another  plant  grows  in  abuud- 

ance  on  this  island  which  possesses  an  odor  between  that  of   P^union. 
vanilla  and  tonqua.    This  plant  is  the  Angrcecum  fragrans. 
From  the  islands  of  Saint  Marie,  Nossi-B6,  and  Tahiti  ^^  ^«S5*  ^i*/ 

'  '  No88i-B6,  Tahiti. 

nothing  of  special  imi^ortance  is  to  be  noted,  except,  per- 
haps, that  the  last-named  sends  specimens  of  Piper  methys- 
ticum,  the  root  of  which  is  capable  of  yielding  a  large 
quantity  of  alcohol,  and  Tahiti  arrow-root,  yellow  sandal-  ; 
wood,  tonqua  and  vanilla  beans. 

From  New  Caledonia  large  and  fine  specimens  of  nickel-   NewCaiedonift. 
iferous  minerals  are  sent,  as  well  as  ores  of  iron,  chromium,    ore». 
cobalt,  manganese,  copper,  etc. 

From  French  Cochin  China  a  great  many  drugs  were  ex-    CocWn  China, 
hibited,  none  of  which  were  at  all  new,  except  a  variety  of 
gelose  called  thao,  and  imported  as  Chinese  or  Japanese ^^'ft^o.- gdow 
isinglass.    This  substance  is  made  from  sea-weed,  and  pos- 
sesses properties  which  make  it  interesting  to  the  student 
and  valuable  in  the  industrial  arts.    It  is  used  in  the  place 
of  sta.rch,  gum,  and  the  usual  dressing  for  textile  fabrics — 
all  of  which  it  will  supersede  if  the  accounts  of  it  are  true. 
>f.  Heilmann,  of  Eouen,  says  that  1  part  of  thao  to  100  of  i*»  ^^^*  ^^ 
water  produces  a  dressing  which  is  supple  and  strong,  and 
gives  substance  rather  than  stiffness,  while  dextrine,  like      jyreuAng  for 
starch,  makes  the  tissue  drier  and  harder,  and  gives  less       ^' 
facing  to  thread.    The  addition  of  a  little  glycerine  to  it 
gives  a  dressing  still  more  flexible  and  soft,  and  while  ren- 
dering the  tissues  less  stiff  and  harsh,  it  communicates 
more  "body''  to  them.    M.  Gantillon,  of  Lyon,  says  that, 
once  dissolved,  thao  will  mix  while  hot  with  any  gum,  dex 
trine,  starch,  or  gelatine.    The  principal  advantage  of  this 
substance  in  dressing  silk  fabrics  is  that  while  preserving 
their  suppleness  it  gives  them  greater  glossiness  and  makes 
them  softer  to  the  touch.    The  mixture  of  thao  with  traga- 
canth  is  said  to  be  the  best  method  of  using  it.    One  re- 
markable advantage  tha4>  has  over  other  dressings  is  that 
as  it  is  soluble  only  at  a  high  temperature,  a  moist  atmos- 
phere, fog,  or  even  rain  does  not  affect  the  material  dressed 
with  it.    This  substance  has  the  power  of  making  a  stiff 
jelly  with  100  times  its  weight  of  water. 

From  French  India,  Pondicherry  sent  a  good  exhibit  of  Pondicherry. 
Indian  products,  consisting  of  coloring  and  tanning  mate- 
rials, gums,  resins,  oils,  insinglass,  and  some  raw  materials 
for  i)erfumery,  none  of  which  are  very  new  or  require  special 
mentioiL 
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OMS^T  DRrTAix  GREAT  BRITAIN  AND  IRELAND. 

AND  IBBLAMU. 


This  kiDgdom  being  essentially  a  maunfactnring  conntry, 

no  exhibits  of  crude  drugs  were  to  be  seen  except  those 

shown  by  Baiss  Bros.  &  Co.  and  Gidney,  Clark,  &  Co., 

dra^s  clhibuSdf  ^oth  of  London.    The  fonner  had  a  case  containing  a  good 

assortment  of  crude  and  powdered  drugs,  and  the  latter 

many  handsome  specimens  of  resins  collected  from  diflbrent 

parts  of  the  world. 

hibfto  froS^BHt'-     "^^^  exhibits  from  English  colonies,  however,  like  the 

ish  colonies.       French  colonies,  were  numerous,  rich,  and  very  intc^resting. 

The  novel  and  most  striking  of  them  were  various  species  of 
Eucalyptus.     Uucali/ptus  from  Australia ;  a  perfume  from  the  Acacia  pyc- 
nantha  from  Victoria,  snid  to  diffuse  a  delicious  odor;  and 
Acacia.  dried  bark  of  Acacia  decurrens  from  Queensland,  yielding 

from  18  to  33  per  cent,  of  tannin.    This  tree  is  very  abun- 
dant and  widely  distributed,  and  the  catechu  may  be  made 
from  it  at  a  cheap  rate.    A  fine  collection  of  crude  drugs 
Saunders,  o»  was  exhibited  by  W.  Saunders,  of  London,  Ontario.    Brit- 

taria 

ish  Guiana  sent  tonqua  beans,  wourali  poison,  copaiba,  oil 
of  Onodaphne  opifera — a  solvent  of  india-rubber,— a  variety 
Baiata.  of  gutta-pcrcha  called  balata^  a  substance  which  on  account 

of  its  low  price  and  valuable  properties  will  no  doubt  come 
into  general  use  for  many  industrial  purposes. 

\o^^^  ^^^  ^^^'     British  India  and  Ceylon,  sent  among  other  and  numerous 

specimens  of  ci:ude  drugs,  specimens  of  cultivated  cinchona 

graphS?nmUp1'  ^^^'^9  ^®  Ciuchona  calisaya^  anglica^  and  josephina,  as  well  as 

graphite,  cinnamon,  vanilla,  vitivert,  and  cardamoms.  No 
small  degree  of  interest  was  attached  to  the  very  complete 
display  of  natural  products  from  the  numerous  colonies  of 
Great  Britain,  which,  coming  as  they  did  from  evei'y  divi- 
sion of  the  globe,  contained  representatives  of  nearly  all  the 
r«aw  materials  required  by  the  druggist  and  chemist. 


ces 


i.,?.^*^^^*'",*    ^^-     The  pharmaceutical  preparations  and  chemicals  used  in 
ceuticni  uropam.  medicine  were  well  represented,  and  the  show  made  by 

British  exhibitors  was  scarcely  inferior  to  that  made  by  the 
French,  and  in  some  resi)ects  it  was  superior  to  any  in  the 
Exposition. 
brid«JS*&*Co^"'  Burgoyue,  Burbridges,  &  Co.  exhibited  a  handsome  col- 
lection of  pni*e  chemical  and  pharmaceutical  products,  among 
which  were  noticed  verj'  fine  scale  preparations. 
BuHh  &  Co.  Bush  &  Co.,  of  London,  had  a  good  display  of  the  same 
class  of  medicines,  together  with  fi*uit  essences,  essential 
oils,  citrates  of  lithia  and  potash,  and  many  granular  salts. 
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Atkinson  &  Oo.,  of  London,  sent  a  fine  exhibit  of  essential  omtAT  uRiTihi. 
oils,  camphor,  alkaline  iodides  and  bromides,  preparations  Pharmaceutists. 
of  mercury,  salts  of  cadmium,  and  vermilion.  Atkinson&co. 

The  first  specimen  of  capsaicine,  the  active  principle  of  capsoicine. 
cayenne  pepper,  shown  to  the  public  was  exhibited  by  Mr. 
Thresh,  its  discoverer  5  it  was  in  snow-white  crystals.  Thresh. 

A.  W.  Qerrard,  of  London,  sent  a  choice  collection  of  rare    a.  w.  Genard. 
and  handsome  organic  proximate  principles,  among  which 
were  salts  of  pilocarpine  in  crystals,  as  nitrate,  phosphate,    orpmioMitg. 
and  hydrochlorate ;  crystalline  chrysophanic  acid  from  goa 
powder;  monobrom  camphor  in  crystals  two  and  a  half 
inches  in  length ;  and  three  varieties  of  aloin,  named,  accord-    ^o^- 
ing  to  the  place  of  origin  of  the  drug,  socaloin^  barbaUnUj 
and  nataloin. 

Southall  &  Barclay,  of  Birmingham,  had  a  collection  of  ^SouthoUABar. 
extracts  made  from  assayed  drugs,  and  pure  chemicals  for 
analytical  purposes.   They  showed  an  *'A"  cod-liver  oil  made      cod -uvtsr  ou 
in  Norway,  and  alongside  of  it  were  arranged  a  series  of     ^ 
small  bottles  containing  proximate  principles  said  to  have 
been  extracted  &om  the  oil,  such  as  stearic,  cetylic,  and 
oleic  acids,  volatile  fat  acids,  glycerine,  biliary  matter,  and 
gaduine. 

T.  &  H.  Smith,  of  Edinburgh,  had  a  brilliant  exhibit  of  the  t.  and  h.  smith. 
preparations  of  opium,  many  of  which  they  have  discovered,   opiamprepani- 
isolated,  and  described.    Among  the  magnificent  specimens  ^^' 
were  some  bodies  which  are  quite  new;  for  example,  gnos- 
copine  (GdiHaeNsOa)  and  meconoiosine  (GsHioOa);    hydro- 
chlorate  of  apomorphine;  one  crystaUization  of  codeine, 
weighing  about  ten  pounds  ;narceine;  meconine;  acrystalline 
mass  of  hydrochlorate  of  thebaine  of  perhaps  twenty  pounds 
in  weight;  thebolactic  acid;  cryptopine ;•  nitrate  of  furfur- 
ine;  Fowne's  artificial  alkaloid;  large  and  flue  specimens 
of  caffeine,  etc.    Their  collection  also  contained  specimens 
of  opium  from  almost  every  source  of  the  drug. 

Macfarlan  &  Co.,  of  Edinburgh,  had  a  very  extensive  MacfluUmACo. 
display — about  ninety  specimens — which  was  of  special  in- 
terest on  account  of  the  number  of  substitution  products  of      Sobstitntion 
the  opium  alkaloids  it  contained.    Besides  the  salts  of  mor-  Sm  idkaioida^^^ ' 
phine,  codeine,  narceine,  and  the  other  well-known  bases,. 
they  exhibited  oxynarcotine,  hydrocotamine,  apomorphia, 
salts  of  trimorphia  and  tetramorphia,  dicodeia,  tricodeia,. 
and  tetracodeia.    They  also  had  acetyl,  butyryl,  and  benzoyl 
substitution  products  of  morphia  and  codeia,  in  which  the 
acid  radical  takes  the  place  of  the  hydrogen  in  the  base, 

*  Over  a  poond  of  this  was  on  exhibition,  although  it  ocenis  in  opinixi 
only  to  the  extent  of  tuv  of  on®  P^f  cent. 
9  P  B ^VOL  4 
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qhkat  nniTAiy.  e.  g.,  CkHu(C,H30)N03,  etc.    Narcotine,  with  its  derirative 

Pharmaceutut8.  opiaoic  acid,  was  among  the  specimens,  as  well  as  dimethyl, 

nor-narcotine,  etc.    Narcotine  is  an  extremely  interesting 

body  on  account  of  its  many  derivations.     Opianic  acid, 

which  is  derived  from  it  by  oxidation,  may  be,  by  means  of 

produSSf*i?opf-  ^^  excess  of  potash,  split  up  into  meconine  and  hemipinic 

urn  alkaloids,      ^cid,  and  vaniUinc  has  been  made  ficom  it    It  has  been 

found  that  narcotine,  by  a  series  of  complex  changes,  gives 
rise  to  anthracine  and  to  alizarine.    This  house  also  exhib- 
Chiorofonn.     itcd  a  purc  chlorofoFm,  for  the  manufacture  of  which  they 
are  quite  celebrated. 

The  exhibits  of  these  two  Edinburgh  houses  were  perhaps 
as  full  of  interest  to  the  pharmaceutist  as  any  in  the  Expo- 
sition. 
Moraon&Bon.     Morsou  &  Sou,  of  Loudou,  exhibited  creosote  and  prepa- 
rations from  it,  pilocarpine  and  its  salts,  gelseminic  acid 
(esculine),  chrysophanic  acid,  etc. 
Dowdier &Biok.     Bowdlcr  &  Bickcrdikc,  of  Church,  presented  very  fine 
Carbolic    acid  specimeus  of  carbolic  acid  and  derivatives.    One  of  their 
an    enva  vea.  gp^j^^j^g  ^^^  about  tweuty-flve  pouuds  of  absolutc  phenol 

in  a  granular  state  and  free  from  color.  The  granular  form 
of  this  substance  is  a  guarantee  of  its  purity,  since  phenol 
containing  the  minutest  amount  of  cresol  is  so  deliquescent 
that  it  cannot  be  reduced  to  a  granular  condition. 

Lowe  &  Co.         Lowe  &  Co.,  of  Manchester,  also  showed  fine  specimens 
of  carbolic  acid  and  its  derivations,  together  with  naphtha- 
line and  its  tetrachloride,  etc. 
Savory   &     Savory  &  Moore,  of  London,  exhibited  as  novelties  fluid 

Extracts.        cxtiucts  and  tinctures  of  jaborandi,  boldo,  guavana,  coca, 
rations*^* '*™'^*'  and  coto.    They  also  showed  an  extensive  series  of  gelatine 

preparations  for  ophthalmic  and  hypodermic  uses,  the  newer 
ones  being  disks  of  colchicia,  pilocarpine,  curarine,  and 
duboisia. 
ba^s "  *  ^*°     Allen  &  Hanburys,  of  London,  showed  handsome  jujubes 

jiyubM.         made  by  Hawker's  process. 
^  Bichardson  A     Pearl-coatcd  pills  were  exhibited  in  an  almost  endless 

variety  by  Richardson  &  Co.,  of  Leicester,  the  largest 
pji,^®*^^'*^*®*  makers  of  pills  in  the  world.    They  had  on  their  shelves  at 

the  Exposition  upwards  of  six  hundred  varieties  of  thin- 
coated  pills,  thirty  varieties  of  phosphorus  pills  being  among 
them. 

xirby4&Co.        Kirby  &  Co.,  of  Hatton  Garden,  London,  also  exhibited 

Pills  a&d  loz-  coated  pills,  and  a  new  form  of  medicated  lozenge  called 
glyoecolls^  each  containing  a  definite  amount  of  its  particu- 
lar medicine.  These  glycecoUs  have  for  their  base  probably 
a  mixture  of  gelatine  and  glycerine. 
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Foreter  &  Gregory,  of  London,  contributed  valerianic  acid  ""^^  diutalv. 
aad  a  number  of  its  salts,  a  series  of  hypophospbites,  large  ^J^JJ^f^tolr. 
specimens  of  bi-nitro-benzene,  etc.  ^'^kierianicacid, 

J.  B.  Beadman,  of  Glasgow,  showed  citric  acid  in  all  etc. 

I  ^       '  J.  B.  Beftdman. 

Stages  of  its  manufactare,  beginning  with  the  crude  juice   citric  aoid,  etc. 
and  ending  with  the  finished  product.    Native  phosphate 
of  alumina  is  likewise  put  through  the  various  steps  of  the 
manufacture  of  phosphate  of  soda  from  it. 


A  number  of  specialties  or  proprietary  preparations  were   Southau&Bai^ 
exhibited  in  the  British  section.    After  Liebig's  Extract  of     iiebig's^  ex- 

tract  of  l^ef  . 

Beef  there  was  the  preparation  of  Southall  &  Barclay,  who 

claim  that  their  soluble  meat  contains  all  the  fibrine,  gelatine, 

and  albumen  of  lean  beef  as  well  as  the  mineral  matters 

natural  to  the  meat,  and  that  the  whole  is  partially  digested. 

Fep^ina  pord  of  Morson  &  Son,  and  peptodyne  and  pancre-    ^l^^^^^- 

atic  emulsion  of  Savory  &  Moore,  were  on  exhibition.    From      ,  Pancreatic 

'  cmnlslozi. 

Melbourne,  Mr.  Bosisto  sent  a  number  of  his  preparations 

of  eucalyptus^  and  Dr.  Day,  of  Geelong,  exhibited  a  "disin-    D^y's  diainfeo- 

fectant,"  consisting  of  rectified  oil  of  turpentine  1  part,**"*- 

benzine  7  parts,  and  oil  of  verbena  5  drops  to  the  pint — 

the  size  or  amount  of  the  ^^part"  not  being  designated. 

Messrs.  Wyndham  displayed  a  ^'spirit  of  eggs,"  which  is   spintof eggs. 
said  to  contain  the  whole  of  the  eggj  shell  and  all,  in  a  spirit- 
uous mixture. 

There  were  several  well-known  London  perfumers  and 
soap  makers  who  had  handsome  displays  of  their  products, 
but  nettling  novel  was  noticed  among  them. 

BBITISH  COLONIES.  ^Bmsa  colo: 

NIB8. 


From  Jamaica  there  were  numerous  specimens  of  rum,  Jamaica. 
sugar,  ginger,  dye-woods,  etc.  Among  medicinal  plants  and 
materials  used  in  the  pharmacist's  art  were  noticed  EMcatyp- 
tus  globuluSy  Acacia  catechu^  Hasmatoxylon  campechianum,  and 
extracts  from  them ;  cocoa-nut  oil,  oil  of  Anacardium  occiden- 
talcj  oil  of  Maringapterygospermaj  cold-pressed  castor  oil ;  es- 
sential oils  of  pimento,  of  nard,  of  Seville  orange,  of  lemon,  of 
Barbadoes  juniper,  and  of  Eucalyptus  glob.;  and  yellow  and 
bleached  beeswax. 

British  Guiana  contributed  honey  and  Guiana  pepper,   Bntiah  Guiana. 
cocoa-nut  oil,  balsam  copaiba,  castor  oil,  seeds  of  Rid- 
nus  communis  J  bay -rum,  wourali  poison,  fish  glue,  and  ba-    Baiatagnm. 
lata  gum.    This  substance  resembles  gutta-percha  in  many 
resx)ect8,  and  most  of  it  is  shipped  from  Guiana  and  sold  for 
that  article.    It  is  tasteless,  emits  an  agreeable  odor  on  being 
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'"""^msf^"^  wanned,  may  be  cut  like  gatta-percha,  but  is  more  elastic, 

Biiti  hGoianiL  ^^^^^^  ^^^  leathery,  and  remarkably  flexible.  This  gum  is 
inferior  in  its   qualities  to  india-rubber,  but  it  possesses 

Baiatftgmn.  properties  which  make  it  superior  to  gutta-perchn.  It  is 
completely  soluble  in  benzole  and  bisulphide  of  carbon,  and 
in  oil  of  turpentine  by  the  aid  of  heat,  is  a  powerful  di- 
electric, and  well  adapted  as  insulator  for  telegraphic  and 
other  purposes.  This  body  possesses  properties  giving  it 
rank  between  caoutchouc  and  gutta-percha,  and  for  many 
purposes  will  doubtless  be  found  superior  to  either  of  them. 
It  is  said  to  be  derived  from  the  "bully -tree,''  which  grows 
on  the  banks  of  the  Orinoco,  and  is  prepared  in  a  manner 
similar  to  that  employed  in  the  collection  and  cure  of  india- 
rubber.  British  Gnianaalso  sent  several  specimens  of  arrow- 
root and  many  of  rum. 

CapeCoioiiy.  Cape  Colony  sent  buchu  leaves  and  aloes.  From  Cape 
Town  a  numoer  of  specimens  of  wines  and  spirits  were 
sent. 

Ceylon.  From  Ceylon  the  exportation  of  cocoa-nut  oil  amounted 

to  the  value  of  $722,705,  of  cinnamon  bark  1,500,000  lbs.,  of 
areca  or  betel-nut  5,075  tons,  and  of  plumbago  to  the  value 

oua  and  nnta.  of  $650,000.  Specimens  of  oils  of  citronella,  of  dihudu,  of 
Jcekuna^  of  cocoa-nuts,  of  Ricinus  o.,  and  a  number  of  others 
from  indigenous  plants,  labeled  in  the  native  tongue,  were 
on  exhibition.  Many  fine  exhibits  of  cinnamon  were  espe- 
cially worthy  of  note. 

ments***  ^^^'     "^^^  **^®  Straits  Settlements  (Singapore,  Penang,  Ma- 
lacca, and  Wellesley)  the  principal  articles  of  export  are 
Bpicea,  gnms,  P^PP^i*?  uutmcgs,  mace,  sago,  tapioca,  gutta-percha,  india- 
aago.  oQa,  Ac     YiihheTy  gambler,  and  essential  oils.    There  were  76  speci- 
mens of  medicinal  herbs  exhibited,  all  carefrilly  labeled 
EMCDces.        with  their  name  and  uses  in  Malayan.   Very  fine  essences  of 
cloves,  nutmegs,  cinnamon,  and  patchouly  were  on  exhibi- 
tion in  this  section. 
Mauritius.  From  Mauritius  vanilla  beans  were  exhibited  of  a  vei^" 

'  fine  quality,  as  well  as  tapioca,  arrowroot,  and  nutmegs. 
sej'cheiiM.         Seychelles  sent  cocoa-nut  oil,  ylang-ylang,  cinnamon,  pep- 
per, lemon  juice,  and  rum. 
waiwf  ^   **"*^     ^®^  South  Wales  sent  effervescent  mineral  waters,  glue, 
arrowroot,  vinegar,  and  a  number  of  specimens  of  wines  and 
ciders. 
Victoria.  Victoria  contributed  mineral  waters,  preparations  from 

eucalyptus,  arrowroot,  and  a  great  number  of  wines,  some 
ales,  and  whisky. 
QneenaUaMi.        In  the  Queensland  collection  were  found  a  number  of  spe- 
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cies  of  eucalyptus  with  medicinal  preparations  made  from   bbtitohwix). 
them.    Bunya-bunya  gum,  a  resin  from  a  conifer,  and  grass- 


tree  gum  or  gum  acartodesj  derived  from  XantkorrhoRa  arbo-     ^^^ 

rea.  which  is  very  fragrant,  contains  cinnamic  acid,  and  is    Onms,  drugs, 

w  «=»  *  /  niamoc,  etc. 

used  for  fumigations  and  for  making  seahng  wax.  Senna, 
gelsemium,  quassia,  Bidnus  c,  tapioca,  Croton  t,  oil  of 
orange,  lime  jnice,  annatto,  and  arrowroot  were  also  to  be 
seen  in  this  section.  The  authorities  of  the  Botanical  Gar- 
dens of  Queensland  sent  an  oil  of  lemon  prepared  from  oiIb  and  «•- 
the  Eticalyptus  citriodora^  and  essence  of  verbena  from  the 
scented  iron  bark.  Piturij  the  drug  said  to  possess  such  Pitmi,  ite 
wonderfiil  courage-compelling  properties,  \\  as  exhibited  here 
in  small  quantities.  It  is  supposed  to  be  derived  from  theorigiimifttare, 
plant  Duboisia  hopwoodiiy  and,  according  to  A.  W.  Gerrard, 
who  examined  a  specimen  of  the  dried  leaf  by  Stas's  method, 
it  contains  an  alkaloid  for  which  the  name  pituria  is  sug- 
gested. It  is  soluble  in  water,  alcohol,  ether,  and  chloro- 
form, and  is  stated  to  give  a  fine  fluorescence  to  light  re- 
flected from  its  edges  or  refracted  through  it  when  in  the 
solid  state;  it  has  a  bitter  taste,  and  produces  a  numbing 
sensation  similar  to,  but  less  persistent  than,  that  produced 
by  aconite.  Dr.  Bancroft,  of  Queensland,  among  other 
things  about  this  singular  and  interesting  plant  says :  '^  The  and  pioperUeB. 
plant  is  used  by  the  natives  as  a  stimulating  narcotic,  and 
its  use  is  confined  to  the  men  of  the  tribe  Mallutha,  all  the 
males  of  which  are  circumcised.  The  old  men,  before  any 
serious  undertaking,  chew  the  leaves,  and  are  then  in  a  suf- 
ficiently courageous  state  of  mind  to  fight  or  to  undertake 
any  serious  business.  One  old  man  refrised  to  have  any- 
thing to  say  or  do  until  he  had  chewed  the  piturij  after  which 
he  rose  and  harangued  in  grand  style,  ordering  the  explor- 
ers to  leave  the  place."  In  large  doses  it  infuriates  the  user, 
and  in  excessive  quantities  produces  paralysis  and  death. 

In  the  South  Australia  section  a  great  many  exhibits  of  south  Anstno. 
the  varieties  of  the  eucalyptus  tree  were  to  be  seen.    Sandal- 
wood and  mimosa  bark  for  tanning  were  also  found  in  this   ouradtaimmg 
collection,  as  well  as  olive  oil  and  many  wines  of  good 
quality. 

West  Australia  sent  a  great  number  of  specimens  of  weatAMtraba. 
eucalyptus,  including  almost  every  variety  growing  in  the  sncaiyptaa. 
land«  This  tree,  besides,  is  of  great  value  as  a  timber  tree, 
has  lately  become  quite  famous  in  its  hygienic  and  medical 
relations,  and,  if  a  moiety  of  what  is  said  about  its  quali- 
ties is  true,  it  deserves  the  serious  and  instant  attention  of 
the  whole  world.    Professor  Bentley,  of  the  Pharmaceutical 
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uuiTiBu  COLO-   Society  of  Great  Britain,  says  in  regard  to  the  medical, 
weatAnBtrmiia.  pl^a™i8W5eutical,  and  hygienic  uses  and  powers  of  this  plant: 

Bentley  on  ihe     ''The  flrst  oud  most  important  influence  which  the  Eucalppius  globulus 
uitu.  ^      ^      is  now  commonly  said  to  exert,  and  that  which  has  hronght  it  into 

prominent  notice,  is  its  power  of  improving  miasmatic  climates  hy  de- 
stroying the  paludal  miasm  wbich  causes  fever  in  such  districts ;  fix»m 
The  fever-de-  which  circumstance  it  has  been  called  the  'fever-destroying  tree.'    Its 
B     ying  ree.      influence  in  this  respect  was  first  noticed  in  its  native  country,  Austra- 
lia, and  evidence  to  the  same  effect  has  now  been  obtained  from  all 
parts  of  the  world  where  it  has  been  introduced,  and  which  are  favor- 
AlgS2J*"^**  ^  *^^®  ^  ***  growth.    Thus^  in  Algeria,  where  it  has  been  tried  on  a  large 
Spain  scale,  and  in  Spain,  districts  previously  noted  for  their  pestilential  air, 

and  consequent  prevalence  of  fever,  have  now  become  quite  free  from 
Cape  of  Good  disease.    At  the  Cape  also,  in  a  very  few  years,  its  cultivation  has  oom- 
nope,  pletely  changed  the  climatic  condition  of  the  unhealthy  parts  of  that 

colony ;  thus,  in  the  neighborhood  of  Constantia  especially,  it  has  been 
stated  that  a  noted  fever  spot,  which  was  covered  with  marsh  water 
both  in  winter  and  summer,  has  in  five  years  been  dried  up  by  the 
planting  of  14,000  of  these  trees,  and  the  inhabitants  now  enjoy  excel- 
Cuba,  lent  health.    In  Cuba  again,  marsh  diseases  are  fast  disappearing  from 

the  unhealthy  districts  where  this  tree  has  been  introduced.    An  inter- 
esting statement  to  the  same  effect  has  recently  also  been  reported  from 
Italy.  Italy,  where  the  planting  of  some  eucalyptus  trees,  which  in  six  years 

had  grown  to  a  height  of  over  thirty  feet,  had  rendered  healthy  a  pari 
of  the  Campagna  which  had  hitherto  been  regarded  as  the  most  fever- 
stricken  part  of  that  unhealthy  district.  The  tree  has  now  been 
planted  to  a  large  extent  in  Italy,  and  hopes  are  entertained  that  in  a 
few  years  malaria  will  be  as  effectively  expelled  from  that  country  as 
ague  has  been  from  Lincolnshire  [in  England].  The  testimony  in 
favor  of  its  anti-malarial  influence  is  so  strong  that,  allowing  for  ex- 
aggeration in  some  cases,  it  can  scarcely  be  doubted  that  this  tree  does 
produce  a  most  beneficial  effect  by  destroying  the  fever-producing 
miasm  of  marshy  districts ;  and  that  it  should  consequently  be  intro- 
duced into  all  countries  and  districts  where  the  climatic  influences  are 
favorable  for  its  development,  and  where  such  miasmatic  emanations 
are  to  be  found. 
Its  mode  of  ac-  "The  influence  of  the  eucalyptus  in  this  respect  is  commonly  re- 
Abaorptioii  of  K^^^^  ^  being  serviceable  in  two  ways.  First,  by  the  far-spreading 
\rater.  roots  of  this  gigantic  tree  pumping  up  water  as  it  were,  and  thus  drain- 

Odorous   ema-  ^S  tbe  soil ;  and,  secondly,  by  the  odorous  emanations  from  its  leaves 
nations.  having  a  disinfectant  and  antiseptic  influence  on  the  paludal  miasm, 

tovestimtlonfl  •  •  •  The  very  interesting  investigations  of  Kingzett  have 
proved  that  under  the  influence  of  air  and  moisture  both  peroxide  of 
hydrogen  and  camphoric  acid  are  formed  from  volatile  oils,  the  former 
a  powerful  disinfectant  and  the  latter  an  antiseptic ;  and  hence  there 
can  now  be  no  doubt  that  the  healthy  influence  of  eucalyptus  trees  is, 
to  some  extent  at  least,  and  probably  more  than  we  imagine,  due  to 
the  volatile  emanations  from  the  leaves  under  the  influence  of  air  and 
moisture,  possessing  direct  disinfectant  and  antiseptic  properties,  and 
thus  destroying  the  injurious  effects  of  paludal  miasms. 
AntiaentlopTop-  «<  Another  cireumstance  which  has  an  important  bearing  upon  the 
toi.  antiseptic  properties  of  the  leaves  of  eucalyptus  is  that  the  eitcalyptol 

of  Clnez,  the  chief  constituent  of  the  volatile  oil  contained  in  the 
leaves,  has  been  recently  proved  to  possess  great  antiseptic  properties. 
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"  The  greatest  influence  in  the  author's  opinion  is  prodnced  by  the    BBiriBif  colo- 
power  the  roots  j[M)6seBS  of  absorbing  'water  firom  the  soil.    It  is  stated  ^ 


that  a  moderate-sized  encalyptus  tree  absorbs  as  much  as  ten  times  its  West  AratnOia. 
weight  of  water  from  the  soil ;  and  hence,  allowing  for  exaggeration,    B&ritley  on  the 
the  enormous  saotion  power  of  large  plantations  of  such  trees  may  in  ,^,|^  ^       ^ 
some  degree  be  judged  of;  so  that  when  thickly  planted  in  marshy 
places, '  the  subsoil  is  drained  in  a  little  while  as  though  by  extensive 
piping.'    That  the  main  influence  of  eucalyptus  trees  is  thus  due  to  the  Ite  eifectmaiiily 
absorptive  power  of  the  roots  is  also  borne  out  by  the  fact  that  other  pJ^JJ*'^® 
plants  of  rapid  growth,  when  planted  in  marshy  districts,  have  a  sen- 
sible effect  in  diminishing  their  malarial  influence.    This  is  notably  the 
case  with  the  sunflower,  which  is  grown  for  this  purpose  to  a  large    Bffeot  of  the 
extent  in  the  swampy  regions  of  the  Punjab  and  other  parts  of  the  *™^*  ^^^^' 
world ;  and  the  effect  has  been  that  districts  which  were  previously  re- 
markable for  their  insalubrity  are  now  reported  to  be  entirely  free  from 
miasmatic  fever. 

"The  leaves  of  the  eucalyptus  upon  distillation  with  water  yield  EuoalyptusoiL 
large  quantities  of  an  essential  oil.  This  oil  is  stored  up  in  the  pellucid 
glands  contained  in  the  leaves,  and  which  may  be  readily  observed 
when  they  are  held  up  to  the  light  by  the  semi-transparent  appearance 
they  then  exhibit.  These  oils  are  now  prepared  on  a  large  scale,  and 
form  an  important  article  of  commerce  between  this  country  [England] 
and  Australia.  They  have  generally  a  somewhat  camphoraceous  smell, 
bat  the  odor  of  Eucaljfptus  globulus  is  by  no  means  agreeable  in  its  con- 
centrated state,  while  that  of  E,  eitriodara  has  a  pleasant  citron-like  js,  tUHodorm. 
odor.  Most  of  the  oils  as  imxK>rted  have  a  yellowish  color,  although 
others  are  somewhat  blue,  but  when  redistilled  they  are  all  nearly  coi- 


"  These  oils  have  been  employed  for  various  purposes ;  thus,  that  of  the 
Emcalgptu9  oleosa  as  a  solvent  for  resins  is  much  used  in  the  preparation  JS.  otsosa. 
of  Tarnishes;  but  they  are  also  of  value  for  diluting  the  more  delicate 
easential  oils  which  are  used  in  perfumery.  Mr.  Rimmel  has  especially 
reconunended  them  for  this  purpose,  and  specimens  of  soaps  and  other 
sabstanoee  thus  scented  are  now  exhibited.  ThQ  oils  mote  especially 
recommended  on  this  account  are  those  of  Eucalyptus  amygdalina,  E, 
^Mvlas,  and  E.  diriod^fra^ 

"A  recent  application  of  the  oil  of  Emoalypius  globulus  is  also  made  by  Bimmel's  "Aro- 
Mr.  Rimmel,  who  has  introduced  what  he  has  termed  an  'Aromatic  ™*'^<^  Osoniaer." 
Osonizer,'  and  which  he  recommends  as  a  pleasant  disinfectant.  It  is 
IB  the  form  of  a  coarse  powder,  composed  of  pine- wood  sawdust,  through 
which  is  diffused  the  oil  of  eucalyptus,  and  also  the  oils  of  lavender, 
rosemary,  and  thyme.  The  author  finds  that  it  certainly  communi- 
cates an  agreeable  freshness  and  pleasant  odor  to  the  air  of  rooms." 

In  consideration  of  the  beauty  of  the  different  species,  vaiae  and  tm. 
the  proved  influence  of  JBucalypttis  globulus  in  destroying  the  SS^*^  ^  *^* 
pestilential  character  of  marshy  districts,  and  the  numer- 
ous important  economic  and  medicinal  products  which  the 
eucalypti  yield,  this  genus  of  plants  must  be  regarded  as 
one  of  the  most  important  to  man  in  the  vegetable  king- 
dom. 

From  British  India  were  exhibited  a  great  number  of  British  India. 
specimens  of  different  kinds  of  woods  which  fhmish  dyeing, 
tanning,  or  medicinal  substances,  and  alongside  were  many 
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""^^iSb,^"^  well-arranged  samples  of  gums,  roots,  barks,  resiiis,  etc., 

derived  ixom  thein.    One  of  the  most  interesting  features 

in  connection  with  this  exhibit  was  the  display  of  the  barks 
from  the  several  species  of  cinchona  which  have  been  intro- 
duced and  now  extensively  cultivated  in  that  empire, 
of  the^ciShoS     ^^^  following  brief  history  of  the  acclimation  of  the 
tree.  ciuchoua  ti*ee  in  India  will  serve  to  give  a  hint  to  our  own 

countrymen  of  the  comparative  ease  and  rapidity  with 
which  this  important  industry  has  been  introduced  into  a 
pestilential  country,  and  perhaps  be  a  means  of  directing 
the  attention  of  some  of  our  public-spirited  and  philan- 
thropic capitalists  to  a  subject  of  the  very  greatest  impor- 
tance to  the  future  welfare  of  our  people : 

Birdwood  on  Cinchona  cultivation  in  India.    By  George  Birdwood,  M.D,y  of  iko  Brititik 
eSUM/n^'*"  Indian  Section  of  the  Exposition  UniverBtlle,  Paw,  1878. 

''The  introduction  of  cincliona  caltivatioD  into  India  was  under- 
takou  with  the  object  of  insuring  a  cheap  and  unfailing  supply  of  the 
febrifuge  for  the  use  of  the  millions  who  annually  suffer  from  fever. 

"  Fever  is  by  far  the  most  prolific  cause  of  death  in  India,  carrying 

off  very  many  more  than  aU  other  diseases  and  accidents  put  together. 

Preralenceuid  '^^^^  total  number  of  deaths  from  fever  in  India  is  upwards  of  a  milliou 

fotgiw^of  fever  a^d  a  half  annually.    At  least  half  these  deaths  will  eventually  be  pre- 
vented by  putting  some  cheap  form  of  the  cinchona  alkaloids  into  every 
dniggist's  shop  in  the  country,  at  one  rupee  per  ounce ;  and  thus  multi- 
tudes will  be  saved  from  death  or  grievous  suffering. 
Difflonlties  in     '^  '^^^  successful  introduction  of  cinchona  cultivation  into  India  has 

the  hitrodnotioii  been  a  task  of  considerable  difficulty  in  all  its  stages.    It  was  not  only 

tree.  necessary  to  transplant  a  genus  of  plants  from  one  side  of  the  world  to 

the  other,  it  was  also  an  essential  element  of  success  to  convert  wild 
into  cultivated  plants.  This  involved  a  close  study  of  the  climat«, 
soil,  and  general  physical  aspects  of  each  region  where  the  valuable 
species  grow  in  their  native  forests ;  a  comparison  of  these  circum- 
stances with  those  prevailing  In  the  East  Indies ;  the  discovery  of  the 
best  »-pecies,  and  also  of  the  species  best  adapted  to  secure  good  results  in 
their  new  home ;  the  study  of  all  the  requirements  of  the  plants  under 
oultivationi  without  any  guide,  as  the  cinchona  had  never  before  been 
cultivated ;  and,  finally,  the  solution  of  numerous  very  complicated 
questions  relating  to  the  best  and  cheapest  form  in  which  the  febrifuge 
can  be  provided  for  general  use. 
ICarkham'sisi-     '^The  task  was  diflQcult  and  complicated.     Mr.  Markham  undertook 

tiatory  projects,  n  j^  1859,  and  all  arrangements  connected  with  thecoUectionuf  iilaute 

and  seeds  in  South  America,  and  their  conveyance  to  India,  have  been 
made  by  him,  and  carried  out  underhis  superintendence.  His  original 
plan  was  to  depute  collectors  to  the  difi'erent  regions  of  the  Andes 
where  the  various  species  flourish,  to  have  the  collections  made  simul- 
taneously, and  to  convey  them  direct  across  the  Pacific  to  India  in  a 
special  steamer.  Bnt  only  a  portion  of  his  scheme  obtained  sanction, 
and  no  steamer  was  provided.  He  waS;  however,  determined  that  all 
the  species  should  be  secured  event ually,  and  that  the  work  should  be 
complete,  even  if  it  extended  over  many  years.  This  has  been  the 
case.    It  has  taken  many  years  to  do  what  might  have  been  done  in 
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one  or  two,  and  the  ezpenfie  lias  been  qaadmpled.    Tet  the  whole  work   bbitibh  tkdia. 
is  now  at  last  complete.  Birdtcoad   on 

**  Jn  1659  Mr.  Markham  was  only  able  to  organize  three  expeditiona :  einehona  euUiva' 
one,  under  his  own  command,  to  obtain  plants  and  seeds  of  the  Call-       ^      ^' 
say  as  and  other  species  from  Carayaya,  in  Southern  Peru,  yielding  the  p^Stfouito  Poni 
yellow  barks  of  commerce ;  a  second,  under  Mr.  Pritchett,  to  collect •ndBcuador. 
species  in  the  forests  of  Central  Peru,  yielding  the  gray  barks  of  com- 
merce I  and  a  third,  under  that  eminent  botanist  Richard  Spruce,  to    spmoe. 
collect  plants  and  seeds  of  the  Cinchona  9ucdrubra  in  the  forests  of  Ecua- 
dor, yielding  the  red  bark. 

''In  18U0  the  whole  of  this  work  was  done,  and  done  thoroughly,  so    Work    aocoiih> 
far  as  the  difficult  and  dangerous  part  of  it  in  the  Andean  forests,  and  P^^®**  *"  *®**- 
the  conyoyance  of  the  plants  to  seaports  on  the  coast  of  the  Pacific, 
were  concerned ;  but  the  failure  to  furnish  the  means  of  direct  convey- 
ance to  India  led  to  disasters  which  were  inevitable.    The  plants  had 
to  be  conveyed  across  the  Isthmus  of  Panama,  then  to  England,  then  collecting      and 
across  Egypt,  and  down  the  Red  Sea  to  India.    The  first  installnient  *"»**^P®™«- 
from  Southern  Peru  all  died  on  the  passage,  or  after  reaching  India ; 
but  the  seeds  forwarded  in  the  following  year  germinated,  and  thus  a 
stock  of  C  oalisapa  trees  was  secured.    Subsequently  more  seeds  from 
Bolivia,  collected  by  Mr.  Ledger,  were  received,  and  the  plants  raised .     *  -Sf*"?©©? 
from  them  have  proved  to  be  an  exceedingly  valuable  variety,  which  andsuoceM with 
has  received  the  name  of  iedgeriana.    The  second  installment  of  plants,  *^'^^- 
consisting  of  those  yielding  gray  bark,  was  equally  unfortunate,  but 
tho  precaution  had  also  been  taken  of  obtaining  seeds,  from  which  a 
stock  of  plants  yielding  gray  barks  was  established  in  India.  The  third 
installment,  coming  at  a  cooler  season  for  passing  down  the  Red  Sea, 
was  more  fortunate.    It  consisted  of  plants  of  C  aucdrubra,  yielding 
red  bark,  nearly  all  of  which  arrived  safely.   Thus  by  1862  the  arrange-     ^i?™^JI5Jv 
menta  made  by  Mr.  Markham  as  regards  the  above  species  were  crowned  certain  species, 
with  complete  success ;  but  the  work  of  introducing  all  the  best  spe- 
cies was  still  far  from  finished.    It  remained  to  obtain  the  valuable 
species  frx>m  Ecuador,  yielding  the  crown  barks,  and  also  the  renowned 
species  of  Colombia. 

''Accordingly  Bir.  Markham  obtained  sanction  for  the  dispatch  of  a     Bxpeditiou  of 
collector  to  Cuenca  and  Loxa,  in  Southern  Ecuador,  to  obtain  seeds  of  ^^*^*^*™ 
the  C.  offidnalia,  the  original  species  of  Linnieus  (afterwards  called  O. 
oondaminea),  from  the  bark  of  which  the  Countess  of  Cinchon  was 
cared.     For  this  service  he  selected  Mr.  Robert  Cross,  an  experienced    Bobert  Oioas. 
gardenel^  who  had  already  acquired  experience  under  Mr.  Spruce, 
with  instructions  to  obtain  a  supply  ot  sueds  of  the  best  Loxa  species 
yielding  crown  bark.    Mr.  Cross  reached  Ecuador  in  1862,  made  a  good 
collection  in  spile  of  extraordinary  difficulties,  and  the  seeds  arrived 
safely  in  India  and  Ceylon,  and  germinated  freely.    Mr.  Howard,  the    Htfwaid. 
well-known  quinine  manufacturer,  also  presented  a  fine  plant  of  C, 
offichialU  (var  urittuinga),  from  which  a  large  stock  has  been  oblained. 
Thus  the  introduction  of  the  crown-bark  si>ecies  was  secured. 

**  Mr.  Markham's  next  care  was  to  obtain  and  introduce  plants  of  a    Expedition   of 
valuable  species  called  C,  pitayensis,  which  grows  on  the  slopes  of  the  1^®  to  Colombia, 
central  cordillera  of  Colombia,  near  Popayan.  For  this  work  he  again 
secured  the  services  of  Mr.  Cross,  who  set  out  in  1863  and  made  a  good 
collection  of  seeds,  but,  owing  to  damage  suffered  in  their  transit,  they 
did  not  germinate.  After  some  delay  Mr.  Markham  obtained  sanction 
for  a  second  attempt,  and  in  1868  Mr.  Cross  again  set  out  for  Colombia,  igot'^^^^^"^  ^ 
this  time  with  more  fortunate  results,  for  the  seeds  of  C.  pUayensU  col- 
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BBinsH  INDIA,    lected  by  him  near  Popayon  arrived  safoly,  and  germinated  freely  in 
Birdwood   on  ^^^dia. 

einehona  adHvor     *<  Meanwhile  the  destmction  of  C,  pitayensia  in  its  native  forests  led 
tion  in  India, 

the  collectors  to  seek  for  other  trees  in  more  distant  regions,  and  a  new 

bark  began  to  appear  in  the  market,  of  great  value,  known  as  the  CVi2- 

isaya  de  Santa  F4,    Mr.  Markham  resolved  that  this  species  should  also 

be  introdnced  into  India.    The  service  was  one  of  special  difficnlty  and 

danger,  for  the  trees  are  only  found  on  the  eastern  cordillera  of  Colom> 

.  bia,  near  the  sources  of  the  Cagnctit.    He  again  intrusted  the  work  to 

CroM  to  Colom-  Mr.  Cro^  in  1877,  and  again  his  confidence  in  that  intrepid  and  most 

biA,  i«77MidlW8.  able  explorer  was  justified.    In  March,  1878,  Mr.  Cross  arrived  at  Kew 

with  a  good  supply  of  plants  of  the  Caliaaya  de  Santa  F^,  and  also  of 
the  C.  cordtfolia,  yielding  the  Carthageua  barks  of  commerce. 
Varietlea  bow     <<  Thus  at  length  all  the  valuable  species  of  febrifiige  cinchona  plants 
growing      n       indigenous  to  South  America  have  been  successfully  introduced  into 

India.    They  are  as  follows : 

C.  oalisaya  (yellow  barks);  Bolivia  and  Caravaya. 

C.  nitida         ) 

C,  micrantha  Mgrny  barks),  Central  Pern. 

C.  peruviana  \ 

C.  auodrubra  (red  barks^,  Ecuador. 

C.  officinalis  (crown  barks),  Ecuador. 

C,  pitayenais  )/T>{f«v/»  Kov^r^  ) 

a&t.**""'^  jSc^CenabarkB)    jColombii^ 

**  The  first  and  most  hazardous  stage  of  the  ent«rpriBe  was  the  collec- 
tion of  the  plants  and  seeds  in  South  America,  and  their  conveyance  to 
India.    The  second  and  equally  difficult  stage  was  the  cultivation  and 
Determination  the  discovery  of  the  species  best  suited  for  India,  as  well  as  the  best 
best  suited    for  method  of  treatment  with  a  view  to  producing  the  largest  percentage 
^^^'  of  febrifuge  alkaloids  in  the  barks. 

Selection  of     **  The  first  step  was  the  selection  of  the  most  suitable  sites  for  the 
plantations,  being  those  having  most  resemblance  to  the  native  habi- 
tat of  the  cinchona.    Mr.  Morkhaai  proceeded  to  India  in  1860  to  per- 
form this  duty ;  and  chose  a  site  at  Neddivattnm,  on  the  northern 
KeUgherry  slopes  of  the  Neilgherry  Hills,  facing  Wynaod,  for  the  plants  of  O.  $uo- 
sitea.  drubra,  the  C.  calisayaf  and  gray  barks,  and  a  site  at  a  greater  eleva- 

tion, under  the  Dodabetta  Peak,  for  the  C.  offioinalia  plants.    He  also 
selected  sites  for  plantations  in  Coorg  and  the  Pulney  Hills,  and,  on 
the  occasion  of  a  second  visit  to  India  in  1866,  in  Travancore  and  Wy- 
naad. 
Converaion   of     «  The  successful  conversion  of  the  cinchona  from  a  wild  to  a  cnlti- 
wild  state  to  oul-  vated  tree  is  due  to  the  unrivaled  skill  and  ability  of  the  late  Mr. 
tivation.  Mclvor,  superintendent  of  cinchona  cultivation  in  the  Madras  Presi- 

doncy.    Mr.  Mclvor  propagated  the  plants  with  great  success,  estab- 
lished them  in  the  plantations,  discovered  the  conditions  under  wiitch 
they  would  give  the  largest  yield,  and  also  the  method  of  renewing  the 
bark  by  the  mossing  process,  w:hich  undoubtedly  secures  an  increased 
percentage  of  febrifuge  alkaloids.    The  final  conclusions  are  that  the 
to  UiTbMf  varied  ^'  •**<^^**^*  species  is  best  adapted  for  use  in  India,  and  for  furnishing 
ties  for  use  and  abundant  supplies  of  a  cheap  febrifuge ;  while  the  C,  offi^AnalU  and  the 
rmarke  Colombian  kinds  will  be  the  most  valuable  barks  for  the  London  mar- 

ket, and  for  securing  a  reuinuerative  return  on  the  outlay.    By  1870 
the  Neilgherry  cinchona    plantations  belonging  to  the  government 
Extent  of  plsB- covered  1,^200  acres  of  ground;  while  private  individuals  possessed 
^*^'^''''*  several  thriving  and  paying  plantations  on  the  Neilgherries  and  in  W^  • 


CHEMICAL   PROCESSES:    COMMISSIONER   JENKINS.  139 

naod,  235,747  plants  having  been  distributed  up  to  1875.    In  the  same  «"""*  "dia. 
year  there  were  over  a  miUion  cinchona  trees  in  the  goTemment  plantar     sttdwood  on 
tions.  dindkana  euUha- 

'*  In  1863  a  cinchona  plantation  was  established  in  British  SUckim, 
under  the  superintendence  of  Dr.  Anderson,  plants  of  C  vuowmhra  hav- 
ing been  obtained  from  the  NeUgherry  Hills.  Other  kinds  are  not  piaatatkm  In 
likely  to  flourish  iu  the  Sikkim  climate,  but  the  C.  suodrubra  is  well  SikUm. 
established  in  the  Rungbee  plantation.  By  the  year  1875  there  were 
upwards  of  two  million  plants  of  C,  BWxArubra  at  Rungbee,  and  the 
propagation  can  be  carried  on  with  ease  to  any  extent. 

*'  Thus  the  second  stage  of  the  enterprise,  namely  the  oQltiration, 
was  crowned  with  complete  success, 

"  The  third  and  most  important  measure  is  the  supply  of  a  cheap     Pioduotioii  of 
febrifuge  to  the  people.  As  soon  as  it  was  established  that  the  C  «iioct-  ^     **    vftang^, 
rubra  would  be  the  best  species  for  India  a  very  critical  point  arose. 
That  species  yields  a  very  large  percentage  of  total  febrifuge  alkaloids, 
but  only  a  small  quantity  of  quinine.    Mr.  Markham  saw  that  it  was 
of  vital  consequence  to  discover  the  medicinal  value  of  the  other  alka- 
loids, namely,  cinchonidine,  quinidine,  and  cinchonine,  and  to  ascer- 
tain whether  they,  equally  with  quinine,  possessed  the  precious  fcbri-  ^jmj  valaeortbe 
fuge  qualities.    He  accordingly  obtained  the  appointment  of  medical  ▼arionsallralatdw. 
commissions  in  1866,  for  each  of  the  three  presidencies,  to  investigate 
and  report  upon  this  question.    The  result  was  that  cinchonidine  (the 
principal  alkaloid  in  C.  tMooirttdra)  and  quinidine  were  found  to  be 
quite  equal  to  quinine,  and  cinchonine  inferior,  though  still  efficacious 
in  larger  doses.    This  was  a  great  point,  for  it  made  a  cheap  febrifuge 
medicine  possible.    The  extractiou  of  pure  quinine  is  an  expensive    Beenlt. 
process,  but  the  production  of  a  medicine  containing  the  total  alkaloids 
in  the  bark  is  easy  and  simple. 

"  This  important  fact  having  been  estabUshed,  Mr.  Markham  next    Cheap  ^wseas 
urged  the  adoption  of  a  measure  calculated  to  secure  the  final  object  of  the  qJJnS*"^"""^ 
introduction  of  cinchona  cultivation  into  India,  namely,  the  preparation 
of  a  febrifuge  medicine  at  the  government  plantations  which  should 
contain  all  the  alkaloids,  and  should  be  salable  at  a  cheap  rate.  With 
this  object  Mr.  Broughton  was  appointed  as  qulnologist  on  the  Neil-    BnmghtoiL 
gherry  Hills  in  1866,  and  in  1873  Mr.  Wood  received  a  similar  appoint- 
ment for  the  Sikkim  plantations.    Mr.  Broughton  adopted  a  method 
for  the  manufacture  of  his  medicine  which  entailed  the  use  of  alcohol, 
and  was,  therefore,  too  expensive.    Up  to  1873  he  had  made  about  600 
pounds  of  an  amorphous  cinchona  alkaloid,  but  the  essential  requisite 
of  cheapness  was  not  secured.    His  method  was  consequently  aban- 
doned.   Mr.  Wood  began  his  actual  manufacturing  operations  in  1875.      Wood's  adop- 
His  method  is  the  same  as  that  recommended  by  the  learned  quinolo-  ^<>b  of  ^he  iJe 
gist  of  The  Hague,  Dr.  J.  E.  De  Vrij,  who  calls  the  resulting  product        ^ 
quxnetwn.    The  powdered  bark  is  first  exhausted  with  cold  acidulated 
water,  and  the  resulting  liquor  is  precipitated  by  a  caustic  alkali.  Scarcely 
any  fuel  is  required,  and  no  expensive  machinery,  merely  some  wooden 
tubs  and  calico  filters.    There  can  soon  be  yielded  by  this  process  about 
140,000  ounces  of  an  efficient  cinchona  alkaloid  every  year,  at  a  cost  of 
less  than  1  rupee  per  ounce.    Quinine,  in  England,  is  from  eight  to 
nine  shillings  an  ounce,  and  iu  India  the  price  is  much  higher. 

*^  Thus  the  great  object  of  this  difficult  undertaking  is  on  the  eve  of    Pioziiiuite  en- 
being  secured,  and  an  inestimable  blessing  will  be  conferred  upon  In-  *^  *"* 
dia,  while  at  the  same  time  the  barks  rich  in  quinine  will  be  sold  in 
the  London  market,  and  will  repay  all  the  outlay  with  interest.    Tlie 
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BBinsn  INDIA,   sum  of  40,000Z.  was  realized  by  these  sales  in  1877  alone.    While,  on 
Benefits  of  dn-  ^^^  ^^®  hand,  cinchona  onlUvation  will  be  a  most  remnneratiye  pablio 

ohona     oulUvar  work,  on  the  other  it  will  rob  the  malarious  fevors  of  India  of  three- 
tion. 

fourths  of  their  victims,  and  will  to  that  extent  diminish  the  amount 

of  human  misery  and  suffering. '^ 
HOLLAM).  HOLLAND. 


From  this  country  very  few  exhibits  of  interest  to  the 
pharmaceutist  were  shown. 

Moaton  &  sodb.  Moutou  &  Sous,  The  Haguc,  exhibited  a  large  collection  of 
pharmaceutical  preparations  and  general  chemical  products 

S?DevJij.  ^^  ^^^  appearance.  Quinetum  of  Dr.  De  Vrij  was  exhibited 
by  this  firm. 

Dr.  Sanders.  jy^,^  Sandcrs,  of  Amsterdam,  exhibited  peptones  of  meat, 
iibrin,  milk,  peptonized  vegetable  albuminoid  substances. 

Peptones  and  peptonized  bread,  peptone  chocolate,  peptone  capsules,  so- 
iMnorea    e.       lu^jous  of  pancreatine,  and  pancreatine  in  substance.    The 

following  account  of  pepjtones  was  given  in  connection  with 
this  exhibit  and  published  in  the  Official  Catalogue  of  the 
Dutch  section :  The  establishment  of  Dr.  Sanders  was  es- 
tablished in  1875,  and  the  business  has  grown  to  such  an  ex- 
tent that  ii  requires  a  steam-engine  of  six-horse  i>ower  and 
a  number  of  operatives  to  manufacture  a  sufficiency  of  prod- 
ucts to  supply  the  demand.    The  amount  of  peptone,  in  one 

erodaotion.  ^orm  or  another,  turned  out  by  the  flEkCtoiy  annually  is  25,000 
kilos.  Peptone,  known  in  physiology  and  chemistry  as  the 
product  of  the  digestion  of  the  albuminoid  bodies  in  the  in- 
testines, by  means  of  the  gastric  and  pancreatic  juices,  is 
Character  of  distinguished  from  albuminoid  bodies  (1)  by  the  facility  with 
pep  one.  ^hich  it  passcs  through  the  dialyzing  membranes  and  the 

walls  of  the  intestines  and  its  rapid  absorption  by  the  blood; 
(2)  by  certain  chemical  properties,  among  which  may  be 
noted  its  great  solubility  in  water  and  its  non-coagulability 
by  heat,  by  acids,  by  alkalies  or  their  salts,  or  by  sulphate 

Testa  for  recog- of  irou.  Pcptonc  is  casily  recognized  by  its  hygroscopic 
property,  by  the  violet-red  color  produced  by  the  addition 
of  sulphate  of  copper  to  its  solution,  rendered  alkaline  by 
caustic  fixed  alkali,  and  by  the  yellow  coloration  produced 
by  the  addition  of  nitric  acid.  Albuminoid  bodies,  after 
their  conversion  into  peptone  and  absorption  into  the  blood, 
are  there  reconstructed  into  albuminoids.  Thus,  peptone 
introduced  into  the  stomach  or  into  the  bowels  by  injection 
Action  and  requires  no  digestion,  and  the  whole  nutritive  eflect  is  pro- 

yalaeof  peptme.       -^  ^  /  ^ 

duced  without  drawing  on  the  flagging  energies  of  the  sys- 
tem and  without  delay;  and  as  peptone  represents  the  prin- 
cipal elements  of  nourishment — albuminoid  substances — ^it  re- 
commends itself  whenever  there  is  need  of  rapid  and  vigor- 


Vanillas. 
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ons  reparation^  or  in  cases  where  digestion  is  defective  or     hollakp. 
inadequate,  as  in  typhoid  fevers,  dysentery,  or  other  intes- 
tinal diseases.    Peptone  is  prepared  by  digesting  meat  by   Peptones. 
exposing  it  in  contact  with  the  pancreas  of  bollocks  at  a  ^    '       ^' 
proper  and  well-regolated  temperatore.   At  the  same  time  a 
peptone  of  bread  is  made,  so  that  by  a  combination  of  the   Modeofprep^- 
meat  peptone  with  that  of  bread  a  complete  food  is  made. 
The  strength  of  the  peptonic  solution  is  such  that  one  part 
of  it  represents  three  parts  of  the  digestible  elements  of  ^^^j^dSSS!*^^ 
meat    It  is  sent  into  market  in  hermetically  sealed  tin- 
boxes,  of  250  grams  each,  at  a  retail  price  of  4  fr.  per  box.   Meat  and  bread 
The  bread  peptone  is  a  thickish,  nearly  dry  mass,  and  is  sold  ^^    ^ 
for  3  fr.  per  box. 

DUTCH  COLONIES.  dutch  oolokiks. 

The  exhibition  in  this  section  was  very  fall  and  varied, 
and  possessed  much  interest  to  the  student  of  natural  his- 
tory. The  most  important  displays — to  the  pharmaceutist — 
were  those  of  the  cinchona  barks  and  of  vanilla. 

De  Groat  &  Co.,  of  Amsterdam,  showed  the  finest  coUec-    i>eGTo«t4tCa 
tion  of  vanillas  in  the  Exposition,  displaying  beans  of  Vor 
nUla  aromatica  from  Mexico  and  Mauritius,  of  F.  plantifolia 
fr^m  Bourbon  and  Java,  as  well  as  the  spirally-marked  va- 
nilla from  Guadeloupe.    They  had  pure  vauilline  extracted   vaniuine. 
from  the  bean  and  artificial  vauilline  in  their  collection.   The 
chief  varieties  of  cinchona  bark — ^this  bark  now  being  one 
of  the  most  important  products  of  Java — were  exhibited,    cinchona, 
such  as  Oinehona  calopteraj  C.  calisaya^  C.  hassJearlianaj  C. 
lancifoliay  Cmierantkaj  0.  officinaliSj  C.pahudia/na,  and  C. sue- 
eirubra.   The  first  cinchona  plantations  were  laid  out  in  1854, 
and  in  1873  the  number  of  trees  was  estimated  at  no  less 
than  2,000,000,  from  which  an  annual  product  of  100,000 
kilos  of  bark  is  obtained. 

A  number  of  edible  birds'  nests  were  exhibited,  and  oil  of     Ediue  biids* 
green  turtie,  coming  from  Dutch  Guiana,  was  noticed  among 
the  specimens. 

ITALY.  rrALT. 

The  manufacture  of  pharmaceutical  preparations  has  made 
comparatively  rapid  advances  within  the  past  few  years  in 
Italy.  While  10,000  kilos  of  sulphate  of  quinine  are  re-  sulphate  of  qui- 
quired  in  the  country  itself,  the  annual  production  is  nearly  utm.*^  ^  "^ 
double  that  amount.  In  Sicily  large  quantities  of  citrate  of 
quinine  are  prepared  from  the  sulphate  by  means  of  citrate 
of  barium,  and  in  Pavia  and  Milan  large  amounts  of  the 
valerianate  are  manu£EK$tured.    Lemon  juice  forms  a  prod- 
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TtMLJ. 


Castor-oil. 


Lioorioe. 


OUv(M>iL 


Prof,  do  Luoa. 


act  of  considerable  importance — annnal  valu^  of  exfiort 
Lemonjnice.    $560,000.    As  it  is  alinost  exclusively  used  for  the  prepara- 
tion of  citric  acids  in  other  countries,  e£Ebrt8  are  being  made 
to  extend  this  branch  of  manafactare  in  the  country  itself. 
^^«™*-  The  collection  of  manna  forms  an  industry  of  some  imiK>r- 

tance  in  Sicily  and  Calabria.  The  exportation  of  flake  manna 
is  39,500  kilos  (worth  $39,500)  and  of  manna  in  sorts  197,400 
Easentiai  ous.  kilos  (worth  $79,000).  The  manu&cture  of  essential  oils, 
oil  of  bergamot,  etc.,  is  likewise  extensively  pursued  in 
Southern  Italy.  In  Northern  Italy  no  less  than  16  estab- 
lishments are  engaged  in  the  manufacture  of  castor-oil, 
enormous  quantities  of  which  are  exported  to  other  Euro- 
pean countries  and  America.  The  raw  material  comes  either 
from  the  province  of  Yenetia  or  Asia  Minor  and  India.  The 
exportation  of  extract  of  licorice  in  1877  was  12,204  quintals 
more  than  the  imports  of  that  commodity  during  the  same 
period*  Olive-oil  was  exported  from  the  kingdom  in  1877 
to  the  large  amount  of  602,301  quintals. 

Professor  de  Luca,  Naples,  sent  an  interesting  exhibition 
of  mannite  obtained  from  the  leaves,  fruit,  and  flowers  of 
the  olive ;  cream  of  tartar  prepared  from  the  leaves,  blos- 
soms, and  fruit  of  the  myrtie. 

Dufour  Brothers,  Genoa,  exhibited  mannite  and  pure  salts 
of  quinine. 

B.  Yaleri,  Vicenza;  established  in  1832,  and  employs  50 
operatives  and  14  hydraulic  presses.  The  annual  produc- 
tion is  800,000  kilos  of  castor-oil. 

Luigi  Biseo  Sarnico,  Bergamo,  exhibited  sublimed  naph- 
thaline in  a  compressed  and  in  a  fused  state. 

Alessi  &  Bonaventura,  Messina,  contributed  fine  essential 
oils  of  bergamot,  lemon,  and  bitter  orange,  extracted  by 
hand,  and  concentrated  lemon  juice  for  exportation  to  makers 
of  citric  acid. 

Antonio  Tommasi,  Perugia,  showed  pure  asparagine. 

M.  Donadeo,  Carpanzano,  sent  borate  of  caffeine. 
Lorenw)  incar.     Lorcuzo  lucardona,  Caltanissetta,  exhibited  a  collection  of 
pharmaceutical  preparations,  among  which  were  the  citrate 
and  the  bisulphate  of  quinine,  ferro-cyanide  of  quinine,  and 
granular  effen^escent  citrate  of  magnesia. 

FabbricaLombarda  di  Prodotti  Chimici,  Milan,  was  estab- 
lished in  1873.   This  establishment,  founded  by  A.  Boehrin  ger 
and  under  the  chemical  direction  of  Dr.  0.  Forst,  although 
young,  ranks  among  the  most  important  manufactories  of 
Sulphate  of  quiuinc  of  the  day.    The  annual  production  is  18,000  kilos 
^  of  sulphate  of  quinine,  extracted  fr*om  over  700,000  kilos  of 

bark — about  a  quarter  of  the  total  amount  prepared  in  Bu- 
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rope.     The  exhibit  of  the  various  salts,  iodated  and  bro-       "^"' 
mated  derivatives,  etc.,  of  the  cinchona  alkaloids  was  very  Ribr.L«nbaKUi 
fine,  and  incladed  40  derivatives  of  quinine,  22  of  cinchoni- 
dine,  17  of  qninidine,  16  of  cinchonine,  etc.   At  present  large  suiphi^ofqui. 
qnantities  of  the  valerianate  of  quinine  are  inanufactared,  tives. 
use  being  made  not  only  of  the  natural  valerianic  acid,  but 
also  of  the  acid  obtained  synthetically  from  amylic  alcohol. 
This  firm,  in  addition  to  the  alkaloids  and  their  salts,  which 
form  the  principal  product  of  the  establishment,  exhibited 
a  series  of  com])ounds  which  are  of  interest  at  present  more 
from  a  scientific  point  of  view  than  for  any  economic  or 
medical  use  they  have ;  for  example,  the  iodides  of  quarter- 
nary  ethyl  and  methyl  bases.   Quinicine  and  cinchonicine  are 
presented  as  examples  of  transformations  which  the  original 
bases  undergo  when  exposed  to  the  action  of  heat  under 
certain   conditions.     Dihydroxyl-quiuine — a  product  con- 
stantly encountered  in  the  urine  of  persons  suffering  from 
quinism  -is  shown,  along  with  a  magnificent  specimen  of 
bromated  quinine— a  compound  not  before  exposed  in  pub-    Bromated  qui- 
lic,  bibromated   cinchonine,  and  bibromated  cinchonidine 
and  cinchotenine — all  being  bodies  of  quite  recent  discovery. 
Quinic  and  quinoric  acids  and  some  of  their  salts  figured  in 
tlie  collection.    To  the  ordinary  and  well-known  salts  of  New  salts  of 
quinine  the  following  were  added :  The  benzoate,  bromo-  ^ 
hydrate,  sulpho-cyanate,  acid  citrate,  nitrate,  and  phloretate. 
By  the  side  of  anethol-quinine,  known  generally  under  the 
name  of  auisate,  the  true  anisate  is  placed,  and  in  juxtapo- 
sition with  the  hydrochlorate  and  of  the  sulphate  of  phenol- 
quinine,  known  under  the  names  of  cbloro-phenate  and  sul- 
pho-pheuate,  the  true  phenol-snlphonate  is  put.    In  the  im- 
mediate neighborhood  of  a  specimen  of  very  flue  crystals  of 
valerianate  of  quinine,  prepared  with  valerianic  acid  from 
valerian  roots,  were  found  several  preparations  of  special 
scientific  interest,  representing  salts  of  quinine  with  several 
varieties  of  valerianic  acid,  prepared  by  synthesis.    They 


(1)  Valerianate  of  quinine,  containing  the  normal  acid 
(X»entylic  acid). 

(2)  Valerianate  of  quinine,  containing  isobutyl-formic  acid. 

(3)  Valerianate  of  quinine,  containing  trimethyl-aeetic 
acid. 

(4)  Valerianate  of  quinine,  containing  methyl-ethyl-acetic 
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HUiiOABT.  HUNGARY. 

This  country  is  very  rich  iu  natural  products,  and  depends 
mainly  on  them  for  her  subsistence.  The  chemical  and  phar- 
maceutical arts  are  far  from  the  state  of  development  to  be 
seen  in  other  parts  of  the  Austrian  Empire.  The  principal 
exports  of  commodities  of  interest  to  the  druggist  or  chem 
Tanbark, bees- ist  are  tau-bark,  2,000,000  metric  quintals  per  annum ;  bees- 
witt,  adds.        ^^^  jg  pro^mj^  of  thewalue  of  770,000  fr.  per  annum,  as 

well  as  considerable  amount  of  tartar,  tartaric  acid,  and 
glycerine.  Hungarian  indigo  was  exhibited  by  three  or  four 
firms. 

Among  the  few  who  exhibited  pharmaceutical  prepara- 
tions may  be  mentioned  the  establishment  of  M&ty4$  Boz- 

^yj^^^*»  ^""  snyay,  of  Arad,  who  exhibited  a  large  specimen  of  nearly 

colorless  coniine,  and  confections  of  sugar  and  chocolate 
containing  such  medicaments  as  tannate  of  quinine,  san- 
tonine,  etc. 
other  Hungar-     Lip6t  Flamm,  of  Worsetz,  exhibited  liquid  fish-glue. 

ianexfaibitora.        stabUimento  Prodotti  Ohimici,  Piume,  had  a  display  of 

chemical  products. 

M.  Lengauer  &  Son  showed  a  good  specimen  of  crystal- 
lized tartar  and  tinctorial  substances. 

Gyula  BeszMes,  Duna-Yecse,  contributed  a  collection  of 
chemical  and  parmaceutical  products. 

JAPAH.  JAPAN. 


It  has  become  fSEishionable  to  call  the  Japanese  the  Paris- 
ians of  the  East,  on  account  of  their  good  breeding,  polite- 
ness, neatness,  and  cleanliness,  but  more  especially  because 
they  have  equaled  and  even  surpassed  their  antipodes  in 
Their  ex  somc  of  the  finer  mechanical  and  metallurgical  arts.    It 
tain '^mec^udcS  was  impossible  to  visit  the  Japanese  section  without  expe- 
MdmetoUurgicai  ^^n^jing  q,  feeling  of  wonder,  mingled  with  admiration,  at  the 

evidences  of  a  superlative  knowledge  and  skill  displayed 
in  most  of  the  exhibits  made  by  this  extraordinary  people. 
But  there  are  points  of  difference  between  them  and  the 
French,  and  this  difference  is  to  be  noticed  in  the  depart- 
ment of  the  natural  sciences  and  the  arts  growing  out  of 
Not  in  chem.  them.    Chemistry  and  pharmacy  and  collateral  arts  were 

isti^  and  ?*«*»•- gearcely  represented  at  all,  and  what  few  specimens  there 

were  on  exhibition  were  mainly  natural  products  from  the 

vegetable  and  mineral  kingdoms ;  very  few  manufactured 

Exhibita    rin.  ^^^^^^^s  TvevB  to  bc  sceu.    Their  vegetable  products  were  dis- 

cjg^y    nauind  played  along  with  dried  specimens  of  the  plants  from  which 

they  were  derived,  or  a  very  perfect  pictorial  representation 


CHEMICAL  PROCESSES:    COMMISSIONER  JENKINS.  145 

of  the  growing  plant  was  suspended  along  with  the  object  '^^- 
The  botanical,  as  well  as  the  Japanese,  name  was  appended, 
and  also  a  short  account  of  the  properties  and  use  of  the 
<lrag.  Perhaps  the  most  important  product  exhibited  was 
the  th€u>  or  Japanese  isinglass,  already  mentioned  under  ^'^'^ 
the  head  of  French  Cochin  China.  This  costly  and  valu- 
able substance  may,  and  likely  will,  come  into  extensive  use 
in  the  western  world  (many  manufacturers  already  have 
been  using  it  in  a  quiet  way  for  several  years) }  and  since 
it  is  produced  from  several  species  of  alg»  growing  around  ^^^  Made  trom 
the  Asiatic  coasts,  there  would  seem  to  be  no  reason  why 
it  might  not  be  manufactured  on  our  coasts.  The  speci- 
mens of  marine  plants  exhibited  as  sources  of  the  variety 
of  gelose  referred  to  were  Eueeuma  spinoaa^  Glceopeltis  intri- 
oatOj  Oymnongrus  pinnulatus  and  O.  flaielliformiSj  Kalyme- 
nia  dentata^  and  JSalochloa  macrantha. 

K.  Tamagawa,  of  Miye,  exhibited  crude  and  prepared   Ezhibiton. 
opium. 

Mitsui-Boussan-Kuatsha,  of  Tokio,  sent  crude  and  pre- 
pared bees- wax  and  vegetable  coloring  matter. 

B.  Mori,  department  of  Kochi,  T.  Katsoukoura  and  B. 
Amaka  all  exhibited  indigo  in  fragments  and  in  powder. 

K6-bou-Kdzan-Kiokou,  of  the  Bureau  of  Mines  of  the  Min-    .    Bnnau  of 
istery  of  Public  Works,  sent  a  handsome  collection  of  min-    Mineral  coUec- 
nerals,  such  as  auriferous,  argentiferous,  and  cupriferous  ^' 
ores,  pyrites  of  iron,  magnetite,  hematite,  galena,  graphite, 
tin-stone,  pyrolusite,  mercury,  jasper,  cobalt,  rock-crystal, 
agates,  quartz,  garnets,  calc-spar,  kaolin,  amber,  native  sul- 
phur, lignites,  etc. 

MONACO.  MONACO. 


This  little  principality  contributed,  through  its  Soci^t6  8oci6t«  indns' 
Industrielle  et  Artistique,  several  new  products  serving  as  tiqne. 
matidres  premises  for  the  perfumer's  art,  such  asodorifer- 
ous  principles  of  orris,  musk,  cassia,  tonqua,  and  orange 
flowers,  in  a  concrete  state.  They  were  prepared  by  a  spe-  Perftuneiy. 
cial  process  not  described  (supposed  to  be  that  of  Millon), 
which  yields  products  of  great  concentration  and  of  ex- 
quisite perfume.  The  advantages  claimed  for  the  principe 
odorant  de  Viria  is  that  it  retains  the  delicious  perfume  of  the 
root  free  from  acrid  odorous  matter  which  accompanies  it  in 
the  extract  prepared  by  the  ordinary  process ;  besides,  it 
enables  the  perfumer  to  make  a  colorless  tincture  instead 
of  the  usual  colored  one,  and  finally  it  gives  100  times  its 
volume  of  extract.  The  odorous  principle  of  musk,  likewise 
made  by  a  new  process,  preserves  all  the  desirable  qualities 
10  P  R ^VOL  4 
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'^^^^-  of  the  perfume  to  the  exclusion  of  the  colored  and  nauseous 
Perfkunery.  principles  of  the  drug.  Coumariue  or  odorous  principle  of 
the  tonqua  bean,  niade  by  the  secret  processes  of  the  societ}^, 
is  very  concentrated,  and  on  dilution  gives  a  colorless  tinct- 
ure. These  remarks  apply  to  the  concrete  essence  of  cassia 
and  orange  flowers.  As  medicaments  the  society  exhibited 
various  pharmaceutical  preparations  of  Eucalyptus  globulus^  a 
sirup  of  carouba,  and  a  saccharale  of  orange  flowers.  Prices 
were  given  of  several  of  these  preparations,  as  follows : 

Price  of  easen-  Principe  odorant  de  I'iiis 300  fr.  the  kilo. 

***•  Principe  odorant  da  muse 96, 000  fr.  tke  kilo. 

Conmarine l,000fr.  the  kilo. 

Essence  concrete  de  flours  d'oranger    1, 000  fr.  the  kilo. 

Essence  concrete  de  casse 1,450  fr.  the  kilo. 

Essence  de  rose  de  Provence '. 1, 100  fr.  the  kilo. 

NORWAY.  NORWAY. 

The  principal  articles  exhibited  from  this  country  of  in- 
terest to  chemists,  druggists,  parmaceutists,  and  the  medical 
Cod-liver  profession  were  cod-liver  oils  of  various  qualities,  ammoni- 
saitB,  ink,  biaok-  acal  salts  from  gas  works,  ink  and  blacking,  oxalic  acid 
ng,  an  aci  8.    ^^^^^  from  wood  fiber,  and  sulphuric  and  nitric  acids. 
oodSihoa"  ""^     ^'  Jordan,  of  Throndhjem;  P.  Moller,of  Christiania;  C. 

Johnssen,  of  Christiansund;  Isdahl&  Co., of  Bergen;  J.  H. 
Henricksen,  of  Tromso ;  T.  U.  Borthen,  of  Trondhjcni ;  M. 
H.  Astrup,  of  Ghristiansund ;  0.  K.  Gran,  of  Bergen,  and 
ten  others,  sent  specimens  of  the  oil  of  the  liA'ers  of  various 
species  of  the  codfish. 

The  following  account  of  the  cod-fishery  of  Norway,  and 

the  manufacture  of  cod-liver  oil,  was  kindly  sent  to  me  m  a 

L.  jfonrod  private  letter  by  L.  Monrad  Krohn,  of  Bergen,  a  member 

ffhni  a^  co<2-  of  the  International  Jury  of  Becompenses  for  Glass  47  of  the 

Uver  otz.  p^j^g  Universal  Exposition  of  1878 : 

Fiihing  the  ''From  the  earliest  times  it  is  well  known  that  fishing  has  been  the 
fiS3Sl*ti7™^Nor'8**P^®  branch  of  indastry  in  Norway,  notwithstanding  that  the  Nor- 
«^y-  wegian  coast  is  not  richer  in  fish  than  those  of  England,  France,  and 

the  Mediterranean.  It  has  had  and  still  continues  to  have  its  periodical 
shoals  from  the  Atlantic  of  different  varieties  of  fish — e.  g.,  mackerel, 
herrings,  cod,  etc.— which  visit  the  coast  and  deposit  their  spawn.  The 
daily  production  is  not  more  than  is  consumed  by  the  inhabitants  of 
the  town  and  thinly-spread  popa]ations  along  the  coast. 
Periodfieal  fish-  ''The  periodical  fisheries  are  of  an  eztensiye  nature,  covering  an  area 
cries.  ^f  j^^^  j^^g  ^|^^q  200  geographical  miles  along  the  coast,  commencing 

south,  at  Bergen,  and  proceeding  north  as  far  as  the  Lapland  sea. 
"  There  are  three  fisheries  of  special  interest  and  great  importance : 

Latitndt^ 

(1)  At  Sondmore  and  Romsdalen ®?^-Gt«' 

(2)  At  Vestfjord  and  Lofoden GT^^-UO'^ 

(3)  AtFinmarken 70O-7r 
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"The fishing  in  the  south  oommences  at  Bergen,  Sondmore,  and  Roms-       worwat. 
diilen  in  the  months  of  January  and  Febraary,  and  afterwardBy  and  not  ^^  Monrad 

nnfreqaently  at  the  same  time,  in  VestlQord  and  Lofoden  Isles,  where  it  KrohnanNorwoft 
continues  to  the  end  of  March,  at  which  time  it  commences  at  Fin-*^ 
marken.    The  annual  production  amounts  to  nearly  50  millions,  towards 
which  the  first-mentioned  fishery  contributes  6  to  10  millions,  and  the 
second  24  millions,  while  the  third  contributes  10  to  14  millions. 

''As  the  fishing  season  commences  in  the  depth  of  winter,  when  the        Seaaoss  and 
sea  is  extremely  rough,  it  is  eaflily  to  be  understood  that  in  open  boats  P'^^^^^^o'^- 
it  is  a  very  haeardous  occupation,  and  gives  but  an  indefinite  supply 
wh«i  dependence  must  be  placed  on  the  state  of  the  weather. 

''  In  the  cod>fishing  alone  are  employed  upwards  of  20,000  souls,  who        Penons  em- 
do  not  live  in  the  immediate  neighborhood  of  the  fish,  but  far  off  on  the  P"^y^- 
coast,  and  put  off  in  their  boats  in  the  severest  weather.    But  now,  in 
the  present  century,  when  steam  navigation  has  become  so  important      Steamers  em- 
in  this  country,  extending  from  its  capital  along  the  coast  to  the  ex-  ^  ^^^  ' 
treme  north,  the  fishermen  prefer  to  follow  the  shoals  in  steamers  from 
point  to  point. 

"  At  the  chief  points  are  the  fish-curing  establishments,  where  the    Goring. 
cod  is  carefully  salted  and  dried,  afber  the  interiors  have  been  removed 
therefrom,  and  the  heads,  which  are  made  into  manure;  the  ova  being 
salted  and  barreled  for  the  French  sardine-fishing,  and  the  liver  being 
secured  by  the  oil  manufacturers. 

''  It  is  probable  that  cod-liver  oil  has  been  made  at  all  times  for  tech-    introduction  ox 
nical  use,  and  there  were  known  two  kinds — the  pale  and  the  brown  pJ^J^^J*^  ^^ 
oil.    About  the  year  1830  was  introduced  the  first  oil  for  medicinal  use, 
and  from  that  time  better  qualities  have  been  demanded  in  Bergen,  the 
chief  market  for  all  kinds  of  fish  produce. 

"The  exportation  of  oil  for  medicinal  use  has  increased  from  year  to      increaaed  ex- 
year.    About  the  year  1846  it  became  more  extensively  used,  Dr.  De  ^rta^io^  o'  *1»® 
Jong  having  brought  it  under  the  notice  of  the  medical  faculty,  and    i)r.  De  Jong, 
since  then  his  name  has  become  familiar  throughout  Europe.    In  about 
the  year  1860  Mr.  P.  Moller,  of  Christiania,  introduced  the  method  of         p.  M8Uer'& 
extracting  the  oil  by  means  of  steam,  which  in  all  respects  is  superior  J5^j.tint^**  ^*^ 
to  the  methods  previously  in  use,  inasmuch  as  the  oil  is  extracted  at  a 
definite  temperature,  and  the  more  solid  portions,  which  consist  chiefly 
of  stearine,  remain  in  the  deposit.    Since  that  time  the  oil  has  been  more 
carefully  prepared,  inasmuch  as  the  consumers  insisted  on  a  better  prod- 
uct.    In  order  to  produce  one  barrel  of  oil  (25  gals,  or  120  liters)  in  the    Livers  to  the 
common  way,  double  the  quantity  of  livers  is  required ;   1,000  livers  barret 
yield  one  barrel  of  oil.    But  this  chiefly  depends  on  the  quality  of  the 
livers,  which  is  variable,  as  they  do  not  always  consist  of  pure  fat,  i.  e., 
before  spawning.    The  finest  quality  of  oil  now  in  the  market  is  that 
prepared  after  Moller's  system,  which  consists  of  subjecting  the  livers       Molior's  pro- 
to  the  direct  action  of  steam  in  tinned  pans,  or  by  slowly  treating  the  ^^^' 
livers  in  pans  inclosed  in  steam  jackets — the  latter  to  be  preferred. 

**  The  conditions  nece&Mary  for  a  good  oil  are  these :  (1st)  Livers  from  Condltiona  for 
freshly-caught  fish,  and  in  no  cose  should  they  be  kept  over  twelve  hours  *  ^^^  ^^^' 
in  the  net;  (2d)  in  removing  the  liver  great  care  must  be  taken  not  to 
injure  the  gall- bladder,  otherwise  the  afterproduct  will  be  of  a  bitter 
and  disagreeable  taste.  After  the  livers  have  been  washed  with  water 
and  dried  between  folds  of  cloth,  before  placing  them  in  the  pan  they 
are  subjected  to  the  action  of  steam ;  the  oil  separates  easily  from  the 
liver  and  rises  to  the  surface  of  the  water  or  condensed  steam,  while 
the  solid  matter  falls  to  the  bottom ;  then  the  oil  is  skimmed  and  passed 
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NOttWAT.       through  canvas  bags  or  filters  and  put  into  barrels  lined  with  tin-plate, 

L.  Monrad  ^^^  ^^^^  ^^  these  barrels  in  a  cool  room,  in  order  that  the  stearine  may 
Krohnon Norway  deposit. 

ttwroif. "     ^        **  The  fresher  the  liver  and  more  cleanly  the  apparatus  the  paler  and 
Mode  of  pre-  better  in  quality  will  be  the  oil  as  regards  color  and  aroma.    The  bar- 
rels are  allowed  to  remain  in  the  rooms  ftom  one  to  two  months  at  a 
medium  temperature ;  the  oil  seems  to  undergo  a  peculiar  kind  of  fer- 
mentation, becoming  bright  and  depositing  its  stearine,  more  or  less, 
the  amount  depending  chiefly  on  the  pressure  used  in  passing  through 
the  filter — so  mnch  pressure  being  sometimes  used  that  the  oil  contains 
some  25  per  cent,  of  stearine.    This  method  is  much  to  be  preferred  to 
the  older,  which  consists  in  filtering  through  paper  or  canvas  bags, 
thereby  causing  long  exposure  to  the  air,  the  oil  becoming  oxidized  and 
rancid,  or  at  least  objectionable  in  its  aroma.    Of  this  cod-liver  oil  the 
B&portatioiL     annual  exportation  from  Bergen  is  4,000  to  5,000  barrels,  or  125,000  gal- 
lons, most  part  to  Germany,  England,  France,  Italy,  America,  and  Rus- 
sia.   Whether  this  oil,  almost  free  from  stearine,  is  more  healthy  than 
one  containing  it  is  difficult  to  decide,  but  it  is  evident  that  an  oil  with 
stearine  can  be  sold  at  a  much  cheaper  rate. 
Old  method  of     ''When  there  are  no  appliances  for  the  manufacture  of  cod-liver  oil 
prepaxatlon.        ^^y  means  of  steam  they  proceed  in  the  old  way,  which  consists  of  plac- 
ing the  livers,  unwashed  and  unclean,  in  open  wooden  vessels  and  leav- 
ing them  exposed  to  the  air ;  a  sort  of  fermentation  takes  place,  and 
the  oil  which  exudes  from  day  to  day  is  removed.    As  no  fire  is  em- 
ployed, and  the  process  is  conducted  in  cold  rooms,  no  stearine  is  pro- 
duced, and  the  oil  will  keep  bright  indefinitely.    In  the  outset  this  oil 
is  of  very  fine  quality,  but  after  the  vessels  have  been  used  from  year 
to  year  the  oil  is  more  or  less  colored  and  tainted,  even  to  rancidity. 
Mak6  of  oiL      The  finest  quality  of  this  oil  is  chosen  in  Bergen  for  medicinal  use,  and 
reported  as  '  oleum  Jecoria  asselti  flavum,'    About  15,000  barrels,  of  100 
kilos  each,  are  sent  to  Germany,  France,  England,  Holland,  and  Bel- 
Tlio  expressed  gium.    After  this  oil  is  extracted  the  livers  are  snbjeoted  to  pressure, 
^^'  and  the  resulting  oil  of  a  bad  quality  is  exxK>rted  for  manufacturing 

purposes.    The  annual  exportation  is  about  12,000  barrels.    There  is 
yet  another  sort,  known  as  *ol,Jeooris  €i88elti  flav.fusium,'  which  is  pre- 
pared from  livers  left  in  barrels  for  several  months.    It  often  happens 
The  oil  result-  that  the  fishermen  are  employed  in  fishing  in  distant  waters  and  are 
Syed^rocM^.*^'  compelled  to  leave  the  livers  collected  by  them  unattended  to  until 

their  return.  In  the  interval  the  livers  undergo  a  peculiar  kind  of  pu- 
trid fermentation,  and  the  clear  oil  very  readily  separates  from  them, 
and  in  consequence  is  of  a  very  clear  deep-brown  color ;  but,  not  being 
exposed  to  the  inclemency  of  the  weather,  it  has  not  become  tainted. 
The  best  of  this  product  is  selected  for  mediciual  use,  and  is  that  so 
much  esteemed  and  employed  by  Dr.  De  Jong. 
Aimunlprodao-  ''The  annual  production  is  about  11,000  barrels,  and  a  large  portion 
**"'  of  it  is  sent  to  France,  where  it  is  kept  side  by  side  with  the  French 

oil  imported  from  the  French  fisheries  in  Newfoundland. 
OU  by  heat  and     ' '  After  these  several  sort«  of  oil  are  extracted  the  livers  are  subjected 
pressure.  ^  ^y^e  influence  of  strong  heat  in  iron  pans,  and  afterwards  to  pressure, 

thus  producing  a  thick  oil  of  a  dark  color,  used  chiefly  by  the  tanners 
of  chamois  skins.    What  now  remains  of  the  livers  is  used  for  mannre. 
Diffbn>Dco  be-     "It  may  not  be  uninteresting  to  know  that  there  is  a  decided  differ- 
ed of  the^north'  ®"^®  between  the  oil  produced  by  '  South  of  Norway'  fish  (Sondmore, 
em  and  southern  Romsdalen,  and  Lofoden)  and  those  of  Finmarken ;  that  in  the  sonth 
^   '  is  more  highly  colored,  and  will  keep  clear  at  a  lower  d(^gree  of  tern- 
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pemtore  than  the  oil  prepared  at  Finmarken,  which  is  whiter  and  more       worwat. 


easily  pressed.    I  think  the  reason  is  that  in  the  case  of  the  south  fish,    Cod-liveroU. 
by  long  joameys  down  the  Gulf  Stream,  and  by  a  gradual  nutritious    The  fioh  liTon 
feeding,  their  livers  become  more  gradually  and  perfectly  developed  J^dsouthenSSsh! 
into  a  firmer  fat,  containing  less  stearine,  while  those  of  Finmarken  ing  districts. 
are  chiefly  fed  in  the  streams  where  are  enormous  quantities  of  a  small, 
fat  kind  of  fish  (^loddef'  Osmerua  orottciM),  the  result  being  that  the 
growth  of  their  livers  is  not  of  such  a  firm  and  perfect  nature. 

**  The  first  importations  of  new  cod-liver  oil  are  brought  to  Bergen  in 
April,  the  second  and  third  qualities  at  the  end  of  May  and  June,  and 
the  other  sorts  in  the  harvest  time,  August. 

"L.  MONRAD  KBOHN, 

"  Bergen," 

According  to  official  statistical  reports  for  1877  it  is  stated    Pjoductioii  rf 
that  the  number  of  barrels  of  cod-liver  oil  of  all  grades  pro- 1877. 
duced  in  Korway  during  the  year  was  130,600,  valued  at 
9,664,400  fr. 


POBTUaAL. 


FOBTUOAL. 


Portugal  sent  a  number  of  exhibits  of  honey,  beeswax,  ^^\^ 
olive  oil,  and  twelve  collections  of  chemical  and  pharma- 
ceutical preparations,  none  of  which  presented  sufficient 
Dovelty  to  require  description. 

The  Soci6t6  des  Eaux  Min^rales  de  Yidago  ^Villa  Beal,  a  Mineral  wat«t8. 
beautiful  village  situated  in  the  fertile  valley  of  the  Oura) 
exhibited  the  product  of  their  springs  in  bottles.    It  is  an 
excellent  alkaline  water,  similar  to,  and  possibly  superior 
to,  that  from  the  grande  gtille  at  Vichy. 

The  most  extensive  as  well  as  the  most  important  exhibit  winea. 
made  by  Portugal  was  that  of  wines,  of  which  it  produces 
the  best  and  finest  varieties  used  for  medicinal  purposes. 
Fine  ports  were  shown  in  the  wine  section  of  the  vintages 
of  1756,  W,  '97, 1800,  ^0,  '16,  '20,  '27,  etc.;  Duoro  wines  of 
the  crops  1812,  '16,  '20,  '30,  '40.  Madeiras  of  1820,  '43,  '60, 
'45,  '56,  were  sent  to  the  Exposition  from  Funchal. 

In  connection  with  the  wine  exhibit  of  Portugal  it  is  in- 
teresting to  notice  the  comparative  amounts  of  the  various 
wines  exxK)rted  to  the  United  States  and  to  Great  Britain 
for  the  year  1876: 


To  tbe  United  states 
To  Great  Britain 


Madeira. 

Port. 

176 
13,084 

7,884 
2, 057, 828 

Other 
winea. 


Exports  to 
the  United  States 
and  Bnffland  le* 
speotiydy. 


26,909 
86,825 


The  above  figures  represent  deciliters  (about  2^  gallons), 
and  indicate  pretty  clearly  that  if  the  people  of  our  country 
make  use  of  as  much  Madeira  and  Port  wine  as  they  are 
accredited  with,(f)  they  must  get  them  at  second  or  third 
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poBTuoAL.     hand  and  risk  all  the  danger  attending  the  handling  of 
wines  and  liqnors. 

POETUGUBSE  COLONIES. 


POBTUOUBBK  COL- 
OMISS. 

Bengnela. 
India. 
Cape  Yerde. 


RU80L4. 


Few  ezhibita. 


Ezhibitora. 


OAM. 


These  were  well  represented.  Bengnela  sent  dye-stnfls, 
copal,  lichens  for  dyer's  nse.  From  India  there  came  indigo 
and  pistachio  nnts ;  from  Gape  Verde,  ground  nutfi,  palm 
nuts,  and  soap  made  of  pistache  oil.  In  this  section  were 
exhibited  many  articles  without  botanical  names,  and  which 
were  not  familiar  in  our  commerce.  The  following  were 
among  those  recognized :  Oum  arabic,  seeds  of  Ricintut  {com- 
munis  t)y  sassy  bark,  india-rubber,  palm  oil,  and  tobacco. 
At  the  entrance  of  the  building  stood  a  fine  specimen  of  a 
young  Weltoitschia  mirabilisj  a  singular  plant  consisting  of 
two  cotyledonary  leaves,  which  become  greatly  developed 
in  the  course  of  years,  sometimes  acquiring  a  length  of  six 
feet. 

BUSSIA. 

This  extensive  country  presented  little  of  interest  to  the 
druggist  or  the  apothecary;  very  few  collections  of  raw  ma- 
terials were  exhibited,  and  not  many  firms  sent  exhibits  of 
pharmaceutical  products. 

Y.  Butzke,  of  Yaron^ga,  exhibited  oils  of  Russian  anise 
and  mint. 

Ghaguine  &  Prokofieff,  of  St.  Petersburg  employ  150 
operatives  to  produce  annually  7,500  quintals  of  egg  and 
blood  albumen  and  dried  blood  as  manure. 

The  Imperial  Botanical  Oarden  of  St.  Petersburg  sent 
a  nice  collection  of  pharmaceutical  preparations  extracted 
£rom  vegetables. 

Y.  Karpinski,  of  Warsaw,  contributed  pharmaceutical 
products. 

F.  Kuhn,  of  Moscow,  had  on  exhibition  a  superior  quality 
of  protection  for  leather,  rendering  it  supple  and  imperme- 
able. 

J.  Sternfels,  of  Leal  (Esthonia),  oil  of  cumin. 

B.  Tetz,  of  Moscow,  made  elastic  capsules  by  means  of 
glycerine,  for  enveloping  medicine,  to  the  value  of  75  to 
80,000  rubles  annually. 

A.  Waag  &  B.  Bepmann,  of  Doubrovka,  exhibited  ethe- 
rial  oils  of  mustard  and  peppermint. 

SIAM. 

Among  the  articles  exhibited  by  His  Mcgesty  the  King 
of  Siam  may  he  mentioned  the  few  which  follow,  they 
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being  the  only  ones  relating  at  all  to  oar  part  of  the  Expo- 
sition report :  Black  pepper,  gum  gatta,  birds'  nests,  carda- 
mom seeds,  lac  dye,  gum  benzoin  of  very  £ne  qoality,  cinna- 
mon, beeswax,  putaches  de  terrCj  tobacco,  indigo,  lemon  juice, 
tamarinds,  and  preserved  flowers. 

PERSIA. 


aiAH. 


PBI18IA. 


Exhibito. 


Dr.  Tholoum 
on  the  mode  of 


His  Majesty  Kasr-Bddin  Shah  was  the  sole  exhibitor  from 
his  kingdom.  The  articles  of  interest  to  the  readers  of  this 
report  were  as  follows :  Indigo,  madder,  nntgalls,  henna, 
cumin,  saflron,  tobacco  from  Shiraz  for  the  nargileh  and 
from  Ourmiak  for  the  pipe,  opium,  mallows,  castor-oil  beans, 
assafoBtida,  manna,  and  pistachio  nuts.  Wines  from  Shiraz 
and  Kasbin  were  also  exhibited. 

Doctor  Tholozan,  physician  to  the  Shah,  while  in  Paris 
during  the  Exposition,  gave  the  following  information  i^^^t^^J^  *° 
regard  to  the  mode  of  employing  henna  for  coloring  the 
hair  in  Persia : 

*'  Hot  water  is  added  to  a  coarae  powder  of  the  leaves,  and  the  paste 
is  applied  to  the  beard,  the  hair,  and  the  nails  (weU  washed  previoasly ). 
This  is  done  in  a  vapor-bath.  As  the  paste  has  to  be  kept  constantly 
moist,  this  first  application  lasts  an  hour  and  a  half  to  two  hours ; 
then  the  parts  are  washed  with  plenty  of  water.  The  henna  gives  an 
orange-red  color,  very  beantiftil  on  a  white  beard,  so  that  many  old  men 
use  it ;  bat  recently,  with  great  personages,  it  has  become  more  common 
to  keep  the  beard  white.  Henna  is  very  largely  used,  even  by  peasants. 
To  change  the  reddish  color  to  a  fine  lustrous  black,  the  parts  are 
coated,  at  the  same  sitting,  with  a  paste  formed  of  another  powder — 
that  from  the  leaves  of  a  kind  of  indigo  tree  cultivated  in  Persia.  This 
ia  caUed  retig;  it  remains  applied  about  two  hours.  The  henna  gives 
difierent  colors,  according  as  it  acts  on  white,  fair,  or  dark  hair.  It 
alters  very  quickly  in  moisture,  and  loses  its  properties  in  long  sea- voy- 
ages. EzxKsrience  seems  to  have  proved  that  it  gives  suppleness  to 
hair,  but  it  causes  it  to  whiten  much  sooner  than  usual.  Fair-haired 
people  always  color  their  hair  black,  but  the  black  is  not  so  intense  as 
that  produced  in  persons  of  dark  complexion.  Skin,  reddened  and 
blackened  with  the  two  pastes,  soon  regains  its  natural  color  on  being 
washed  with  soap  and  rubbed  with  the  fingers,  whereas  the  dye  ad- 
heres firmly  to  the  ha>ry  which  it  penetrates.  Beng  is  sometimes  used 
alone,  and  gives  a  blue-violet  color." 


SPAIN. 


SPAIN. 


Spain  sent  an  abundant  mineral-water  product,  no  less  Minondwftten. 
than  53  exhibits  of  natural  waters,  to  the  Exposition,  while 
she  was  represented  by  20  pitiful  pharmaceutical  displays, 
a  fact  which  might  be  taken  to  indicate  that  the  Spaniard 
has  more  &ith  in  natural  remedies  than  in  those  fabricated 
by  the  hand  of  man.  The  number  and  variety  of  raw 
materials  used  by  the  druggist  and  pharmaceutist,  how- 
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BPAIN. 


_  ever,  were  quite  large,  and  their  quality  was  in  the  main 
ouve  oil  and  very  good.    In  regard  to  olive  oil  and  wine  the  Spanish 
section,  after  France,  made  the  most  extensive  show  and 
one  which  commended  the  admiration  of  all.    Cork  wood 
Cork.  and  cut  corks  formed  another  large  item  in  the  exports  of 

this  country.  The  following  drugs  were  noticed  in  the  col- 
Druga,  dyes,  lectiou :  Sumoc,  caroubas,  liquorice  root  and  extract,  coch- 
ineal, hops,  saffiron,  amse,  chamomile,  carthamus,  madder, 
woad,  honey  and  wax,  opium,  ergot  and  ergotine,  digitalis 
and  digitaline,  and  cream  of  tartar  made  from  the  lees  of 
wine. 

MOBOOoo.  MOSOOGO. 


TUHIB. 


GRBBCB. 


This  country  sent  a  small  collection  of  drugs  and  some 
plants  useful  in  perfumery :  Senna  from  Cassia  (wutifoUa^ 
caf6  negre  from  0.  oceidentaliSj  fruit  of  Sb  Datura,  galls,  gums, 
colocynth,  and  a  number  of  other  crude  matters  that  would 
be  interesting  to  the  visitor  understanding  the  written 
Arabic  language. 

TUNIS. 

Cumin,  foenugreek,  coriander,  anise,  and  a  long  narrow 
variety  of  carraway  seeds  were  among  the  few  exhibits 
from  this  country.  There  were  also  pistachio  nuts,  henna 
used  for  coloring  the  nails  and  the  teeth,  and  a  few  other 
specimens  not  worthy  of  special  note. 

GREECE. 


This  country  was  not  represented  by  any  pharmaceutical 
display. 

BWKDEN.  SWEDEN. 


H.  A.  Wolff. 


Prodaots 
of  distUlatlon  of 
wood. 


Fish-egg  albn- 
men. 


Aseptine  and 
Amykoae  Mann- 
fiMtaring  Compa- 
nj'  of  Upsala. 


Antiaeptic  pre- 
paiAtlona. 


H.  A.  Wulff,  director  of  the  Agricultural  School  of  Ap- 
plerum  at  Kalmar,  contributed  a  collection  of  products 
derived  from  the  distillation  of  wood,  such  as  charcoal,  tar, 
wood  vinegar,  creosote  oil,  and  turpentine.  He  also  sent 
dried  specimens  of  the  Arbutus  wva  ursi,  and  tanning  ma- 
terial extracted  from  it. 

T.  O.  Alsing,  of  Kdping,  showed  albumen  prepared  from 
fish  eggs. 

The  Aseptine  and  Amykose  Manufacturing  Company  of 
Upsala  exhibited  proprietary  articles,  as  follows :  Aseptine 
for  the  preservation  of  cooked  food,  aseptine  (double)  for 
the  preservation  of  raw  meat,  aseptine  for  anatomical  prep- 
arations. These  preparations  are  said  to  owe  their  antisep- 
tic and  preservative  qualities  to  boric  acid,  and  the  total 
production  for  the  year  1876  amounted  in  value  to  20^,340 
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firs.,  and  tbeie  were  employed  in  their  fabrication  6.450      Bwapm. 
kOos  of  this  add. 

Beckman  &  Bnrmester,  of  Stockholm,  exhibited  a  col-  B^^^Jg^*"  * 
leetion  of  dmgps  of  the  country  and  preparations  made  from 
them  according  to  the  formiilie  of  the  Swedish  pharma- 
copoeia. 

O.  L.  Bjorkbom,  of  Gothembourg,  exhibited  extract  of  o.L.Bj«rkbom. 
malt. 

The  Fish  Glue  and  Gelatine  Manufactory  of  Lysekil  had  a  q^]^^^^  ®^^* 
number  of  very  handsome  specimens  of  ictbyocoUa  prepai*ed    lutiiyoooiLl. 
frtHU  the  entrails  of  fishes,  which  is  quite  transparent  and 
soluble  in  cold  water,  and  is  specially  adapted  to  the  fining 
of  wines. 

The   S^bastine  Manufactuiing  Company  of  Stockholm  S6bastiiio 

showed  an  imitation  of  their  new  explosive,  sSbastine.^ 
Tbis  substance  is  a  mixture  of  nitro-glycerine,  wood-char-  ^bostino:  an 
coal,  and  explosive  salts.  The  charcoal  employed  is  care- 
fully selected  and  prepared  in  a  special  manner  not  described, 
and  serves  to  absorb  and  hold  the  explosive  oil  more  com- 
pletely than  matters  heretofore  employed  for  that  purpose. 
The  explosive  salts  used  furnish  the  oxygen  necessary  to 
blurn  completely  the  carbon  of  the  mixture,  and  thus  secures 
the  conversion  of  the  whole  into  gases. 

In  order  to  explode  s^bostine  it  is  necessary  to  employ   Mode  of  using, 
the  usual  detonating  capsules,  since  on  the  application  of 
fire  in  the  shape  of  flame  or  an  ignited  body  the  compound 
simply  burns  away  with  considerable  vigor,  but  without 
explosion.    The  advantages  claimed  for  this  explosive  are       Adyantnges 
that  it  is  less  dangerous  than  others  having  nitro-glyceiine  ^   ^ 
for  a  base,  the  mass  is  dryer,  and  the  explosive  oil  does  not 
escape  from  it    The  rapidity  of  its  explosion  is  greater  than 
that  of  ordinary  dynamite,  and  the  effect  of  its  explosion 
much  more  considerable.    The  annual  consumption  of  s6bas- 
tine  is  about  70,000  kilos,  and  no  untoward  accident  has 
happened  in  its  use  for  five  years. 

The  Bamangens  Tekniska  Fabrik  of  Stockholm  exhib-       Barniinffeos 
ited  extracts  and  odors  for  perfumery,  toilet  soap,  and  inks. 

BOUTU  AND  CKN- 

SOUTH  AND  OENTBAL  AMESIOA.  tual  axebica. 


The  exhibits  from  these  countries  consisted  almost  entirely 
of  crude  or  raw  materials,  but  the  collections  were  quite 
extensive  and  iucluded  many  articles  not  known  in  com- 
merce, and  as  many  of  the  specimens  were  labeled  in  the 

*£xpIoeire  artiolefi  were  not  aUowed  to  be  brought  into  the  Kzposi- 
tioD  baUding. 
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raA^i^RiS!"  l^i^^age  of  the  country  and  designated  only  by  their  local 
names,  very  little  information  could  be  got  as  to  tlieir  natuxe 

and  uses,  the  custodians  in  most  cases  having  no  knowledges 

of  them. 

ABOENTIKE  BEPUBLIG. 


▲BOKNTIKB  SB- 
FUBUC. 


morce. 


This  country  contributed  the  largest  number  of  specimens 
of  natural  history,  among  which  were  vast  numbers  of 
medicinal  plants,  most  of  which  are  unknown  outside  of  the 
country  where  they  are  produced,  and  are  as  yet  untried. 

of^f fv^TSS ^^®® ^    pimianta  (allspice);    coca;    flaxseed;  jaborandi; 

unknown  to  com-  quebracha  wood  and  resin ;  oil  of  potro  (wild  horse),  and  soap 
made  £rom  it ;  Eucalyptus  globulus^  and  preparations  made 
from  it;  preparations  of  matico;  root  of  Capii  caMj  said  to 
be  very  ef&cient  as  an  anti-asthmatic  and  diuretic,  and 
preparations  made  from  it ;  resin  of  quebracha ;  elixirs  of 
coca ;  guarana,  •  and  mat6  were  exhibited  from  Buenos 
Ayres. 

BOLiyiA. 


BOLIVIA. 


Here  were  a  few  exhibits  of  interest,  among  which  may 
be  menti<med  cinchona  barks,  matico,  and  coca. 


VBNBZUBLA. 


VENEZUELA. 


daotfl. 


To  judge  from  the  collections  of  articles  sent  from  this 
country  to  the  Exposition,  one  must  conclude  that  Vene- 
zuela, in  many  material  respects,  is  in  advance  of  some  of 
of^MUbie^n?  ^'^^  neighboring  countries.     There  were  in  the  collection 

many  medicinal  plants  and  parts  of  plants,  woods,  and  other 
vegetable  dye-stu£fs  and  tanning  materials,  cinchona  barks, 
and  Bio  l^egro  caoutchouc,  copaiba,  sarsaparilla,  simarouba, 
tonqua  beans,  ceradOla,  resin  of  cedar,  and  cochineal. 
Several  pharmaceutical  preparations  of  no  special  merit 
were  exhibited. 

aX7ATEMALA. 


QVATWMAUl. 


From  here  were  sent  cojialche  bark  {Oraton paeudaquina) ; 

cascarilla;  guaco;  resin  from  native  pines;  cc^al,  employed 

by  the  natives  as  incense;  gum  from  Bhizaphara  mang.] 

Barks, gtim8,hquidambar  resin;  caoutchouc  wax  from  Myrioa  cerifera: 

oaoao,  wax,  dyes,  v  tr  ^ 

oils,  etc  vegetable  suet  from  M,  sMfera;  several  varieties  of  sarsa- 

parilla; wild  vaniUa;  wUd  cacao  and  divi-divi;  cochineal; 
indigo;  ambrette;  beeswax;  castor  oil  used  in  lamps,  and 
a  purer  oil  for  medicinal  use;  cocoa-nut  oil  and  corozo  oiL 
No  chemical  or  pharmaceutical  preparations  of  note  were 
exhibited. 
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HAYTI. 


HATTL 


Hayti  exhibited  a  few  articles  of  drugs  and  dyes,  the  most 
important  of  which  were  the  following :  Beeswax,  cinchona, 
saffiron,  rhubarb,  Palma  christi  oil  (for  lamps),  annotto,  cur- 
cuma, vitivert,  orange  peel,  and  bark  of  orange  tree. 


MEXICO. 


This  country  sent  only  essence  of  linaloe  and  resin  of 
liquidambar. 

NICARAGUA.  kicaiuqua. 


Nicaragua  had  a  modest  display  of  articles  in  Glasses  44, 
45, 46,  and  47,  such  as  sarsaparilla,  vitivert,  annotto,  copaiba, 
very  fine  cacao  beans,  liquidambar  in  reeds,  caoutchouc  of  ^^^c^^jj^ 
various  qualities,  some  of  which  was  very  select,  gutta  ©to. 
percha,  vegetable  wax  of  a  green  color,  nacascola  and  nan- 
cite  barks  for  tanning,  cinchona  barks,  cashew  nuts  (labeled 
St.  Ignatius  beans !),  copalche  bark,  indigo,  starch,  and  croc- 
odOe  musk. 

SALVADOR.  SALVADOR. 

This  was  a  weU-arranged  collection,  representing  the  fauna 
and  flora  of  the  country.  The  commercial  commodities  in 
the  line  of  drugs  were  indigo,  wax,  vegetable  aromatic  resins,  Dyes,  oiiB,wax, 
cochineal,  puiified  oil  of  cocoa,  baumea  du  Salvador ,  qmna  du 
SalvadoTj  various  pharmaceutical  products,  and  mineral 
waters. 

URUGUAY. 


UBUOUAT. 


The  exhibits  from  this  little  republic  were  not  numerous, 
and  were  similar  to  those  from  its  neighbor,  Buenos  Ayres. 

PERU. 

From  Peru  there  were  specimens  of  nitrate  of  soda,  of 
iodine,  and  a  collection  of  minerals  of  the  country,  cochineal; 
cinchona  barks  were  also  exhibited,  as  well  as  coca  and 
vanilla. 

SWITZERLAND. 

This  nigged  little  republic  sent  no  crude  drugs  to  the 
Exposition,  but  she  was  well  represented  in  a  few  of  the 
branches  of  chemical  manu&ctures,  notably  that  which  is 
concerned  in  the  production  of  artificial  coloring  matters. 
The  following  exhibits  were  considered  worthy  of  notice : 

v.  Andreas,  of  Fleurier,  exhibited  a  choice  selection  of 
pharmaceutical  and  hygiiniquv  pi'eparations,  consisting  prin- 
cipally of  extracts  of  Alpine  plants. 


PBBC7. 


SWITZEBLAirD. 


V.Andree. 
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BwrnattLAXD.       J,  Baumgartnor,  of  Mollis,  had  a  very  superior  glue  or 

J.  Baumgart-  cciDcnt,  in  tbo  stato  of  po  ivdcr,  alleged  to  be  made  of  easeine, 

which  is  quite  strong  and  said  to  resist  the  action  of  water. 

Bindschedler  &  Busch,  A.  Oerber  &  Uhlman,  L.  Durand 

&  Huguenin,  Louis  Frennd,  and  J.  B.  Oeigy,  of  Basle,  and 

P.  Mounet  &  Co.,  of  La  Plaine,  near  Geneva,  all  had  mag- 

coio?oh«mift^  nificent  displays  of  all  the  novelties  in  color  chemistry. 

Their  exhibits  were  of  extraordinary  beauty,  and  presented 

the  greatest  interest  to  the  chemist  and  dyer.    Attention  is 

recalled  to  them  in  another  part  of  this  report. 

L.  imhof,  non.     Imhof  (Louis),  of  Aarau,  had  a  very  important  exhibit  of 

poisonous  oolon.  .  */         r 

cojonng  matters  free  from  poison  or  other  offensive  ingredi- 
ents, especially  intended  for  coloring  confections. 

^*  ^^'Inerated     ^'  '^^^^^h  ^^  Schaif  hauscu,  exhibited  "  regenerated  "  man- 
mangiuiese.        gaubsc  produccd  by  a  new  process,  and  showed  a  plan  of  the 

apparatus  used  by  him  for  performing  the  operation. 
A.o.Mathey,       A.  O.  Mathcy,  of  Keuchatel,  has  invented  a  polishing  ma- 
Diamantine.    tedal  for  watchmakcTs,  which  he  calls  diamantine.     He 
claims  that  it  gives  quickly,  even  on  untempered  steel,  a 
black  polish,  and  that  it  never  leaves  scratches.    The  com- 
position i8  not  given,  but  it  is  regarded  as  consisting  of 
alumina  in  an  excessively  fine  but  at  the  same  time  crystal- 
Artiflciai  dia^  line  State.    So-callcd  boron  diamonds  and  artificial  carbon 

diamonds  were  also  exhibited  by  the  same. 
A.  Guyot-Ln-     A.  Guyot-Lupold,  of  Ecreuscs-Loclc,  exhibited  diaman- 
^  '  tine,  powder  of  rubies,  and  artificial  black  diamonds  for 

Artiflciai  gems  drilling  hard  rocks.    These  artificial  stones  cost  about  one- 

for  drilling  and  ^ 

polishing.  fourth  tlic  pricc  of  the  real  black  diamond,  and  supersede 

them  for  most  purposes.  They  are  distinguished  from  the 
latter,  however,  by  the  absence  of  crystalline  appearance, 
and  the  formation  of  a  black  instead  of  a  yellow  powder 
when  crushed. 
Dr.  Mniier-ja-  Dr.  A.  Mullcr-Jacobs,  of  Zurich,  exhibited  a  succedaneum 
^  for  oil  in  the  production  of  the  turkey-red  dye,  with  which 

he  claims  to  be  able  to  produce  absohitely  fast  and  very 
fine  violets  and  reds  in  from  three  to  four  days, 
notbenhttosier.     Bot  hcuhausler,  of  Boi'schach,  sent  a  specimen  of  what  he 

claims  to  be  "Veritable  huile  russe  pour  le  cuir.'' 
Dr.  o.  Wander.     Dr.  G.  Wander,  of  Berne,  had  on  exhibition  bonbons  of 
malt,  sugar  of  malt,  pure  extract  of  malt,  and  malt  combined 
in  various  pharmaceutical  preparations. 

UHITED  8TATB8.  TJT^IT£iD    STATXiS. 


The  collections  of  drugs,  chemicals,  pharmaceutical  prep- 
arations, etc.,  sent  from  the  United  States  were  well  dis- 
played in  handsome  show-cases,  on  well-arranged  systems  of 
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shelves,  and  in  large  and  expensively  constructed  kiosques,  ™it»d  otatbb. 
some  of  which  seemed  to  be  out  of  proportion  to  the  limited 
space  allotted  to  our  section.    The  exhibits  were  all  well  aaSuig^*^  ^®" 
arranged  for  examination,  and  attracted  much  attention, 
principally  on  account  of  the  number  and  magnitude  of  the 
collections  of  pills  conspicuously  displayed.    The  United  JgJJ*  predomi 
States  exhibits  in  Glass  47  differed  in  some  respects  from 
those  of  most  other  countries.     While  Austria,  Belgium, 
France,  England,  etc,  contributed  almost  exclusively  manu- 
factured articles,  and  the  English,  French,  and  Dutch  colo- 
nies, China,  South  and  Central  America  sent  crude  drugs 
and  raw  materials,  the  United  States  sent  full  assortments   AuMtment  of 
of  indigenous  drugs  and  materiires  premUreSj  as  well  as  nu-mt^MimdmAna. 
merous  manufactured  products  in  the  various  departments  doots.        ^'^ 
of  chemistry  and  pharmacy. 
The  most  extensive  and  complete  collection  of  indigenous      PhiiadeiDhia 

,  .  Conege  of  Pojir- 

drugs  in  the  whole  Exposition  was  the  contribution  made  macy. 
by  the  Philadelphia  College  of  Pharmacy.    This  collection 
was  said  to  represent  the  entire  vegetable  materia  medica   Compieto  coi- 
growing  in  the  United  States;  the  specimens  presented  thevegetabie  mote- 
appearance  of  having  been  selected  and  prepared  with  great  antted  states.  ^ 
care,  and  they  were  displayed  in  a  veiy  neat  and  modest 
manner.    It  was  said  that  this  collection  was  to  be  donated, 
at  the  close  of  the  Exposition,  to  the  £cole  Sup6rieure  de 
Pharmacie  de  Paris. 

Tilden  &  Co.,  and  McKesson  &  Bobbins,  of  New  York,    TUden  a  Co. 
showed  well-selected  specimens  of  drugs  derived  from  the  BobwS?****"  ^ 
vegetable  kingdom ;  the  first-named  firm,  along  with  their 
raw  materials,  exhibited  solid  and  fluid  extracts  made  fromtraota,ui<^uiBf 
the  vegetables  they  exhibited.    They  also  displayed  a  very 
great  variety  of  sugar-coated  pills  of  fair  quality.    The  lat- 
ter firm,  besides  the  vegetable  drugs  referred  to,  contributed 
a  coUcctioA  of  choice  essential  oils  of  American  production. 

Wm.  B.  Warner  &  Co.,  of  Philadelphia,  presented  a  large    w.  b.  wamep 
assortment  of  sugar-coated  pills  and  granules,  which  were  ^  ^sugar-ooated 
very  handsome  as  specimens  of  the  art  of  drag^  manufact-  ^"^*' 
ure.     They  were  commended  for  their  uniformity  in  size 
and  finished  surface. 

Hance  Brothers  &  White,  of  Philadelphia,  had  a  fine  dis-    Banco  bxos.  & 
play  of  chemical  and  pharmaceutical  preparatious,  iDcludiug      ^  chemical 
handsome  crystals  of  monobromide  of  camphor,  salts  of  ber-  ^p^^H^i^ 
berine,  nitrite  of  amyl,  a  variety  of  fluid  extracts  in  large 
bottles,  and  a  ''line"  of  sugar-coated  pills  in  large  quanti- 
ties and  of  good  appearance.     The  coating  of  pills  with      sagar-ooated 
sugar  has  developed  enormously  of  late  years  in  the  United^ 
States,  and  it  has  become  the  largest  producer  of  this  class 
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uxiTEP  BTATBs.  pf  proclucts  ill  tho  world.      Originating  in  France  many 
Hance  Bros.  &  years  ago,  the  art  of  sugar-coating  of  confectioner's  dragies 
became  almost  universal  and  very  popular;  it  was  taken  up 
Sugar-coated  by  the  apothdjaries  ostensibly  for  the  purpose  of  disguising 
the  nauseous  taste  of  drugs.    From  France  the  practice  ex- 
tended to  other  countries  and  found  its  principal  develop- 
ment in  this  country,  where  it  has  almost  replaced  the  old 
style  of  pill,  seriously  threatening  the  occupation  of  the 
regular  pharmacist  in  the  practice  of  his  calling  and  the 
usefulness  of  the  national  pharmacopcDia. 
AdvantageA     This  ucw  art  has  been  found  not  only  to  cover  the  dis- 
tages  of  the  new  gustiug  tastc  of  the  drug  Contained  in  the  pill,  but  unfortu- 
°®  nately  in  many  instances  it  also  serves  to  cover  light  weights, 

inferior  medicines,  etc.,  as  has  been  repeatedly  shown  by 
critical  analyses  made  and  reported  by  committees  of  the 
American  Pharmaceutical  Association  during  the  past  ten 
years.  The  medical  and  pharmaceutical  professions  in 
Europe  do  not  seem  to  look  with  much  flEivor  upon  this 
style  of  elegant  pharmacy. 
wyeth&Bro.,  Wycth  &  Bro.,  of  Philadelphia,  exhibited  medicinal 
KiixiM  and  elixirs,  compressed  powders,  dialyzed  iron,  saccharated  pep- 
sin,  and  some  other  pharmaceutical  preparations  and  special- 
ties of  very  handsome  and  prepossessing  appearance  and 
excellent  quality,  all  of  which  were  in  graceful  bottles  well 
adapted  for  the  purposes  of  an  exhibition,  and  inclosed  in  a 
large  and  handsome  sbow-case. 

Emil  Scheffer,  of  Louisville,  the  originator  of  saccharated 
pepsin,  was  not  represented. 
The  display  of  pills  which  attracted  the  most  attention 
schieffeiin  &  and  oxcitcd  the  most  interest  was  that  of  W.  H.  Schieffelin 

Co 

&  Co.,  of  New  York.  Their  vitrine  was  not  large,  but  it  was 
exceedingly  neat,  tasteful,  perfectly  finished,  and,  like  the 
collection  of  the  Philadelphia  College  of  Pharmacy,  It  was 
modest  and  inviting,  and  their  exhibit  merited  the  compli- 

saperiorcoated  jQ^u^  *^^^  '^^^^'  passcd  upou  it.  Their  assortment  of  pills 
was  extensive  and  handsome.    They  had  been  coated  cold 

A  thin,  irana.  and  iu  a  soft  statc  with  a  thin,  transparent,  and  soluble 

parent^     solttbie  ?  ^  j 

ooat  coating,  which  adds  practically  nothing  to  their  size  or 

weight  while  it  protects  the  interior  fix)m  the  atmosphere 
and  prevents  hardening  of  the  mass  by  evaporation.  This 
collection  is  an  example  of  perfection  in  pill  manufactuix^. 
The  idea  of  enveloping  pills  in  a  coating  of  gelatine,  sugar, 
gum,  resin,  balsam,  etc.,  is  old,  and  has  been  practiced  with 
varying  success  for  a  century;  but  complete  success  has 
never  crowned  the  attempts  to  secure  a  thin,  transparent, 
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quickly  soluble,  and  perfectly  protective  coating  for  pills  wmTOaTAiaB. 
until  the  subject  was  taken  up  by  Schieffelin  &  Go. 

Artifleial  mineral  waters  and  apparatus  for  preparing  and    Boien  & Byme, 
dispensing  them  were  handsomely  displayed  by  Bolen  &J^^^^^^ 
Byrne,  of  New  York.    The  qualities  of  their  products  were  ^pparatua. 
tested  with  approval  and  great  satisfaction  by  the  numerous 
thirsty  visitors  to  the  United  States  section  of  the  Exposi- 
tion. 

De  Mortie  &  Co.,  of  BurkeviUe,  and  T.  D.  DriscoU,  of  ^^"^^SS; 
Well  Water,  Va.,  exhibited  fine  specimens  of  oil  of  sassa-    ouofaaasaAras. 
fras,  produced  in  large  quantities  and  at  chenp  rates  in  the 
States  of  Maryland  and  Virginia,  whence  it  finds  its  way  to 
market  piincipaUy  in  Baltimore. 

Forstall  &  La  Eose,  of  New  Orleans,  exhibited  spirits  of  j^»**^  *  ^ 
turpentine  and  other  products  firom  the  Southern  pine.  Tun^ntine. 

Fritzsche  Brothers,  of  New  York,  sent  a  good  collection  of  rrftx^sheBrcw., 
essential  oils  of  peppermint,  etc.  Eewmtdai  oiu. 

Hale  &  Parshall,  of  Lyons  N.  Y.,  exhibited  specimens  of  ^^Jl®  ^  Par- 
American  essential  oils,  some  of  which  were  turbid  from    £«aentiAi  oils. 
some  cause  not  explained. 

H.  G.  Hotchkiss,  of  Lyons,  and  L.  B.  Hotchkiss,  of  Phelps,  ^-j^f Jj^j^ 
N.  Y.,   had   large   displays   of  fine    oil   of  peppermint,    pu' of  pepper- 
The  oils  of  these  makers  has  acquired  a  world  wide  repu- 
tation, and  is  quoted  in  the  market  reports  as  commanding 
the  Lighest  prices  of  any  i)eppermint  oils. 

Keith  &  Co.,  of  New  York,  exhibited  a  good  specimen  of  Keith  &  Co., 
oil  of  erigeron.  ou  of  erigenm. 

McKesson  &  Bobbins,  New  York ;  Blackmar  &  Allerton,  Exbiwu  of  e»- 
Newark,  N.  J.;  A.  M.  Todd,  Nottawa,  Mich.;  the  United "*°"'^ ""■■ 
States  Department  of  Agriculture,  Washington ;  and  Wolf 
Brothers  &  Keech,  of  Centreville,  Mich.,  all  exhibited  fine 
specimens  of  essential  oils  distilled  from  American  plants, 
among  which  may  be  mentioned  oils  of  erigeron,  of  pepper- 
mint, of  siM*armint,  of  wormwood,  of  tanzy,  etc. 

Fine  specimens  of  oil  of  orange  flowers  and  of  petit-grain 
were  exhibited  in  the  building  of  the  United  States  Agri- 
enltural  Department,  in  the  United  States  annex,  but  the 
name  of  the  producer  wa«  not  obtained  by  the  reporter. 

Geo.  J.  Faller  of  Philadelphia,  exhibited  sewing-machine    Geo.  j.  FaUer. 

*v;i«  Sowing-ma- 

OlIS.  chine  oU. 

Frazer  Lubricator  Company,  of  New  York,  had  specimens  Fmaer  Lnbrf- 

of  their  axle-grease  ou  exhibition.  Axie-grewe. 

R.  J.  Chard,  of  New  York,  subjected  his  lubricine  to  the  r.  J.chard, 
test  of  actual  trial,  in  connection  with  his  labricating  cups, 
on  some  heavy  steain-machinery  in  the  United  States  sec- 
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uKiTKD  BTATM.  tloii,  Qjid  the  Tesults  of  the  test  were  said  to  be  qtute  satis- 
factory. 

^Freeiaad,  Robert  Freeland,  of  Boston,  exhibited  soaps  manu&ctured 
by  a  rapid  and  economical  process.  They  presented  the  ex- 
ternal appearances  of  the  best  articles  of  their  class. 

c.  L.  Hanth-     C.  L.  Hanthaway  &  Sons,  of  Boston,  displayed  excellent 

away  &  Sona,  7         *      v 

Blacking.       blacking  and  leather  dressing. 

w.Dreydoppie,     William  Dreydopplc,  of  Philadelphia,  erected  a  large  and 

Borax  soap,  handsome  monument  made  of  his  borax  soap.  This  prod- 
act  is  said  to  possess  many  advantages  over  ordinary  soaps 
for  bleaching  woolen  goods  and  fabrics  made  of  material  of 
a  similar  nature. 

Adams  &  sha.  Adams  &  Shaler,  of  New  York,  and  D.  M.  Young  &  C5o., 
^^]!>.M.YoiuBg,   of  Boston,  exhibited  specimens  of  extract  of  bark  for  tan- 

Birk  extracts,  ^j^g 

P.  w.  Hnrtt  A  F.  W.  Hurtt  &  Bros.,  New  York,  exhibited  chemicals,  per- 
^Perfomery,  etc.  fumes,  and  toilct  articles. 

Leonard &£iiis,     Leonard  &  Ellis,  New  York,  displayed,  in  quite  handsome 
oils.  ^''^^^»**"«  style,  lubricating  oils. 
F.  a  Pease,         F.  S.  Pease,  Bufialo,  N.  Y.,  had  a  large  and  attractive  col- 
Lighting   and  lection  of  illuminating  and  lubricating  oils  on  exhibition. 
'^Meiior  &**Rit-     Mellor  &  Bittcnhouse,  Philadelphia,  exhibited  a  case  of 
**KxSact  of  u.  ^®^  superior  extract  of  licorice  root.    They  also  included 
oorice.  iQ  their  vitrine  a  specimen  of  jervia  and  one  of  glycyrriii- 

zine  in  its  ammoniacal  combination. 
Restorff,  Bett-     RestorfF,  Bcttmanu,  &  Co.,  New  York,  showed  their  leaUier 
Leather  dress-  dressing  and  shoe  bronze. 
Smith's  Ho-     Smith's  Homoeopathic  Pharmacy,  New  York,  with  liomcBO- 
SS^y^*"*' ^^^' pathic  globules  had  samples  of  "alkathrepta''  (aprepara- 
"Aikathrepta."  ^^^  ^^^^  cacao)  ou  exhibition. 

w.  Tiiden.  A     Tildcu,  (Wm.),  &  Stokes  and  Valentine  &  Co.,  New  York, 
toi?&  bo-T  *'*"  displayed  a  variety  of  very  line  varnishes.    The  writer  was 
Varnishes.      informed  that  the  varnishes  of  the  latter  firm  had  been  used 
on  some  of  the  finest  carriages  of  both  American  and  Eu- 
ropean make  in  the  Exhibition,  and  had  received  very  flat- 
tering testimonials. 
Tnnyoap     The  Tuuyoap  Manufacturing  Company,  Boston,  exhibited 
Manutco.,        ^  ^^^^  product  resulting  from  the  "partial  oxidation^  of 

a  waste  material  from  petroleum  refineries,  which  is  at  pres- 
Leathor  dress-  eut  applied  as  a  dressing  to  render  leather  soft,  durable,  and 
waterproof. 
Seabary  A,     Scabury  &  Joliusou,  Ncw  York,  displayed  a  large  assort- 
Plasters.         mcut  of  medicated  and  other  plasters  suited  to  surgical  uses. 
They  are  made  of  the  rubber  plaster  composition,  which  is 
claimed  to  possess  many  advantages  over  the  old  and  offici- 
nal plaster.    Tlie  appearance  of  this  exhibit  indicated  that 
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great  care  and  taste  had  been  exercised  in  the  fabrication  of  uyirBP  btateb. 
the  products  shown. 


Exhibitors  of  chemical  products  from  the  United  States   sxhibiton  of 
were  as  follows :  duoS!**^     ^^ 

Anthouy  Pirz,  Long  Island  City,  who  sent  handsome  cry  s-    Anthony  pin. 
tals  of  acetate  of  lead. 

Hance  Brothers  &  White,  Philadelphia,  besides  pharma-^c< -»«»•* 
ceutical  products  exhibited  a  collection  of  products  of  chemi- 
cal manufacture,  such  as  monobromide  of  camphor,  nitrate 
of  amyl,  etc.,  all  of  which  presented  a  fine  appearance. 

Henry  Bower,  Philadelphia,  showed  yellow  prussiate  of  Henry  Bower. 
X>ota8h,  sulphate  of  ammonia,  and  pure  concentrated  glycer- 
ine.   The  latter  w^  very  dense,  colorless,  free  from  odor, 
and  adapted  in  every  respect  for  all  the  uses  of  a  pure  gly- 
cerine. 

H.  J.  Baker   &   Bro.,  2!^ew    York,  exhibited  beautiful   h.  j.  Baker  a, 

A.  (*o 

specimens  of  pure  castor-oil,  borax,  refined  Halti)eter,  cam- 
phor, and  purified  epsom  salts.  They  were  all  prepossess- 
ing in  appearance,  and  were  doubtless  of  fine  quality. 

Charles  T.  White  &  Co.,  New  York,  made  a  fine  display  c.  t.  wute  & 
of  some  of  the  leading  articles  manufactured  in  their  labora- 
tory, handsome  specimens  of  morphia  and  its  salts,  strych- 
nia in  large  bold  crystals,  bromide  of  potassium,  etc.,  aU  of 
which  indicated  great  care  in  their  preparation  and  excep- 
tional purity. 

A  new  product  from  petroleum  called  vaseline  was  ex-  inawT^"*"**' 
hibited  by  the  Chesebrough  Manufacturing  Company,  New    vna^e.* 
York,  and  a  similar  substance  called  cosmoliue  was  shown 
by  E.  F.  Houghton  &  Co.,  Philadelphia.    Apollo  fat,  also   e.f.  Houghton 
called  vaseline,  was  exhibited  by  Oartemberg,  Lanterbach,    CMmoiine. 
&  Goldhammer  in  the  Austrian  annex. 

These  substances — ^vaseline,  cosmoline,  and  apoUo  fat — made^y^peouUar 
are  claimed  to  have  many  propei-ties  in  common,  and,  fromP*^g^j^  ^™ 
all  the  information  obtained  in  regard  to  them,  they  are  sup- 
posed to  be  similar  products  or  educts  from  petroleum,  being 
mixtures  of  various  hydrocarbons  existing  in  or  formed  out 
of  it,  obtained  by  evaporation  at  a  high  temperature  and 
repeated  hot  liltrationa  through  animal  charcoal.  They  are 
said  to  be  free  from  chemicals  of  every  description,  odorless, 
or  nearly  so,  especially  when  recently  prepared,  and  grading 
in  color  from  almost  white  to  a  yeUow  or  orange  tint,  occa- 
sionally in  the  colored  samples  presenting  a  strong  fluores- 
cence. The  latter  property  was  observed  to  be  very  pro- 
DOonmL  in  the  case  of  the  article  called  cosmoline.  Their 
consistence  varies  from  that  of  a  thick  oily  fluid  to  that  of 
11  p  B ^VOL  4 
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UNITED  BTATK8.  ^  lawlj  uiass,  Olid  thej  possess  lubricating  qualities  in  a  very 

high  d^^crrce.    They  are  said  to  be  incapable  of  saponiflca- 

tiou,  di.s^.ociation  by  hot  steam,  and  not  to  become  rancid 

ooM^iJ?^*  *"^  ^^^  ^^^'    The  vaseline  of  the  Chesebrough  Company  is 

nearly  white,  and  is  said  to  be  a  succedaneum  for  fats  as  a 
basis  for  ointments  and  for  other  pharmaceutical  prepara- 
tions, and  well  adapted  to  the  uses  of  the  perfumer  in  the 
process  of  enfleurage  of  pomatums.  Houghton  &  Co.,  be- 
sides cosrooline,  which  is  recommended  for  the  same  pur- 
poses as  vaseline,  make  a  preparation  which  they  call  cos- 
molubric,  and  laud  it  highly  as  an  efficient  lubricant  and 
anti-incrusting  agent  for  use  in  steam-boilers. 

These  substances  are  comparatively  new  products  of 

chemical  industry,  possessing  valuable  properties  suiting 

them  for  many  useful  applications  in  the  arts,  and  they  will 

doubtless  come  intx)  general  favor  in  the  near  future. 

i    sferrod^m     '^^^  followiug  exMbitors  are  placed  in  Class  47  in  the 

Class  47  to  other  United  Statcs  Official  Catalogue  issued  by  the  Commissioner 

General,  but,  by  decision  of  the  jury  of  that  class,  were 
declared  not  to  belong  to  it,  and  consequently  were  not 
included  in  the  examinations  by  that  jury : 

R.  J.  Chard :  Automatic  lubricating  cups.  (The  lubricine 
of  this  exhibitor  was  not  discovered  until  after  the  visits  of 
the  jury.) 

Austin  O.  Day :  Kerite  insulated  telegraph  wire  and  ca- 
bles. 

J.  P.  Evans  &  Co. :  Flaxseed  and  linseed  oil. 

Oregon  State  Commission:  Raw  and  boiled  linseed-oil 
and  oil-cake. 

Philadelphia  College  of  Pharmacy :  Collection  of  vege- 
tables. 

Wallace  Brothers :  Plants,  herbs,  and  flowers. 


RecompeaiaeB     All  the  cxhibits  in  Class  47  that  were  displayed  in  the 

to     exhibits    in,_^.,_.  ..,.         -.-^^  ^  1.1 

Agric.  Dept.  an-  United  Statcs  Agricultural  Department  annex  were  credited 
to  that  department  and  the  recompenses  rewarded  accord- 
ingly. 

THOMAS  E.  JENKINS, 

Additional  CommisHoner. 


fflNING  INDUSTRIES. 


JAMES  D.  HAOUE. 


[XxtrAol  from  thA  Oaoial  OliMtttoaitlMk  J 
CLASS  43.-~MININO  AND  METALLUBQT. 

Colleotioiis  and  Bpeoimens  of  xooks,  mineraU,  ores.  Onuuuental  stones.  Hud 
stones.  Refractory  snbstanoes.  Earths  and  clays.  Varioos  mineral  prodnots.  Bair 
snlphnr.    Book  salt;  salt  from  salt  springs. 

Mineral  ftiel:  various  kinds  of  coal,  coal  dost,  and  compressed  coal.  Asphalt  and 
rock  asphalt.    Bitumen.    Mineral  tar.    Petroleum,  etc. 

Metals  in  a  crude  state :  pig-iron,  iron,  steel,  cast-steel,  copper,  lead,  sUver,  zino,  ete. 
Alloys. 

Products  of  washing  and  refining  precious  metals,  of  gold-beating,  eto. 

[Non. — ^The  foQowiiig  Tepoit  refers  to  only  a  portioii  of  the  sii]^)eote  In  the  fila—  ) 


£In  forwarding  this  report  to  the  Department  of  State,  Mr.  Hague  oflfored  an  expla- 
nation, under  the  dato  of  December  26,  1879,  from  which  the  following  is  extracted :] 

"  When  I  had  the  honor  of  accepting,  nearly  two  years  ago,  the  appointment  of  Ad- 
ditional CommissioneT  to  the  Paris  Exposition  of  1878, 1  confidently  expected  to  have 
fully  discharged,  long  before  now  and  to  the  best  of  my  ability,  all  the  obligations 
incuiied  by  such  acceptance. 

"Among  these  obligations,  as  I  found  after  aniyal  in  Paris,  was  the  pr^aiation 
of  a  report  upon  Group  V  of  the  Exposition.  A  brief  inspection  of  the  catalogue,  how^ 
ever,  showed  this  group  to  be  so  comprehensive  in  its  range,  comprising  exhibits  of 
products  so  diverse  in  character,  that,  after  consultation  with  the  Commissioner-Gen- 
eral, I  determined  to  limit  my  official  investigation  to  some  of  the  exhibits  of  Class  43, 
embracing  ores,  minerals,  and  the  crude  products  of  mining  industry. 

**  It  was  my  good  fortune  to  secure  the  aid  of  my  friend,  Mr.  George  F.  Becker,  of 
the  United  States  Geological  Survey,  and  lately  of  the  UniveEsity  of  California,  in 
making  the  necessary  examination  at  the  Exposition,  and  he  has  contributed  largely 
to  the  paper  which  I  herewith  submit.'' 
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BAim:  OF  THE  GBEAT  MININO  GOUIirrBIBS. 

PBODXTOnON   Ain>   TtASK  OF   THE   OKBAT   MININO   OOUK-  oS^t^iSg 

TBIES  OP  THB  WOBIJ),  1876.  •'"^J^fS.y  ** 

In  the  Belgian  exhibit  at  Paris  was  displayed  an  interest- 
ing chart  showing  the  total  quantities  of  coal  and  base  met- 
als produced  in  the  principal  countries  of  the  world,  the 
quantities  per  square  kilometer,  and  the  rank  occupied  by 
each  for  the  year  1876.  Such  a  general  statement  seems 
desirable  as  an  introduction  to  the  following  papers,  and  the 
figures  used  in  plotting  the  chart  have  been  employed  for 
that  purpose. 

In  the  original,  tonnes  of  1,000  kilos,  or  2,205  pounds,  and  a.^^Si^***"' 
square  kilometers  are  the  units  employed.  The  unit  of 
weight  is  so  near  our  own  ton  that  its  conversion  seems  un- 
necessary. The  products  per  square  kilometer  have  been  ^^'^  ^^^ 
reduced  to  yield  per  square  mile  by  multiplying  by  2.6. 
Gh>ld  and  silver  have  also  been  added  to  the  list  fi:x)m  data 
obtained  from  Dr.  A.  Soetbeer's  memoir,  ^^  JEdelmetall-pro- 
ductianj  Petermann^s  MittJieilungeny  Urgdenzungs-Hqfty  No.  57, 
1879.'^ 

COAL. 


Gomitries. 


1.  Gzeftt  Bxttofn 

2.  Pranla* 

8.  TJnited  States 
4.  France 

6.  Belginm 

ft.  Austria 

7.  RuMia 

8.  Spaiii 

9.  Sweden 


I 


1^ 


2V>fUMt. 

186,477,282 

43,461,871 

41,000,000 

17,047,763 

14.320,678 

11, 807, 716 

1,708,512 

101,622 

00,674 


Conntries. 


1.  Belgium 

2.  Great  Britain 
8.  PruBsiA 

4.  Austria 

5.  France 

6.  Unitod  States 

7.  Spain 

8.  Rassia 

0.  Sweden 


•si 


Tonnsi. 
1,264 
1,118 
826 
101 
88 
10 
2.6 
0.78 
0.80 


Prodnctof  coal 
in  Tailous  coun- 
tries, and  per 
square  mile. 


*Aniong  the  German  states  Pmssia  only  is  represented  in  the  tables,  becanse  at 
the  time  when  the  flgnres  were  compiled  the  mineral  statistics  of  the  German  Bmpire 
had  not  been  vabllshed. 
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BslaUveprodiml 
of  varUnu  0ow»-. 
triet. 


ntONOBE. 


Xronom. 


Pig-iron. 


Countries. 


1.  Great  Britftin 

2.  United  States 

8.  Frmnoe* 

4.  Prussia 

6.  Bussis 

6.  Luxembourg. 

7.  Sweden 

8.  Anstiia 

9.  Spain 

10.  Belgium 


TonnM. 

17,111,049 

4, 600. 000 

8, 081, 026 

2,072,260 

1,936,187 

1,190,729 

787, 092 

654,965 

430,686 

209,200 


Countries. 


1.  Luxembourg.. 

2.  Great  Britain 

8.  Belgium 

4.  Pnusia 

Fi-anco 

AnstriA 

Sweden 

Siiain 

United  States 
Ilussia   . . 


6. 
0. 
7. 
8. 
0. 
lu. 


*  figures  for  1873  (latest  official  statistics). 

PIG-IBOK. 


1.  Great  Britain 

2.  United  States 

8.  France 

4.  Prussia 

6.  Belgium 

6.  Bnssia 

7.  Sweden 

8.  Austria 

9.  Luxembourg. 
10.  Spain 


0,64<:,895 

2,093,230 

1,449,687 

1,824^838 

490,498 

427,648 

848,257 

273, 015 

L80,600 

66,462 


IVmumc. 
1.204 
140 
28 
15 
16 
4.7 
4.4 
2.8 
L8 
0.5 


1.  Luxembourg. 

2.  Great  Britafii 
8.  Belgium 

4.  Pnusia 

5.  France 

6.  Austria 

7.  Sweden 

8.  United  States 

9.  Spain 

10.  Bussia 


231 
65 
44 

10 
7.8 
2L8 
2.1 
0.5 
0.8 
0.2 


BAR-mON. 


Bar-iron. 


1.  United  States. 

2.  Groat  Britain. 
8.  Franco 

4.  Prussia 

5.  Belgium 

8.  Russia 

7.  Sweden 

8.  Spain  . 

9.  Luxembourg . 
10.  Austria* 


1,022,000 

1,822,704 

875,000 

814,000 

899,000 

804,066 

167,719 

41,464 

7,418 


1.  Great  Britain 

2.  Luxembourg., 

3.  Prussia 

4.  France 

5.  Belgium 

6.  SwMien 

7.  United  States 

8.  Spain 

9.  Buasia 

10.  Austria* 


15 
7.8 
8.0 
4.2 
3.6 
1 

0.5 
0.2 
0.16 


STEEL. 


SleeL 


Lead. 


1.  Great  Britain. 

2.  United  States 
8.  Franco 

4.  l*russia 

5.  Belgium 

6.  SwMen 

7.  Bussia 

8.  Spain 

9.  Austria* 


545.660 

625,996 

264,191 

126,600 

75,268 

18,785 

8,945 

2,720 


1.  Belgium 

2.  Great  Britain 
8.  United  States 

4.  France 

5.  Sweden 

6.  Prussia 

7.  Spain 

8.  Bussia 

9.  Austria* 


*Kot  stated  In  the  official  statistics. 


LEAD.* 


1.  Spsin 

2.  Prussia 

8.  Great  Britain 

4.  United  States 

5.  Francet 

6.  Belgium 

7.  Aiwtria 

8.  Bussia 


101,522 

70,207 

69,606 

58,125 

21,839 

6,963 

4,291 

1.083 


6.5 
4.4 

1.4 

1.8 

1 

0i94 

0.16 

0.018 


1.  Belgium 

2.  &Hiin 

8.  Inmssia 

4.  Great  Britain 

5.  France 

6.  Austria 

7.  United  States 

8.  Bussia 


0.614 
0.588 
0.523 
0.491 
0.104 
0.086 
0.016 
0lOOO5 


*  In  the  absence  of  recent  official  statistics,  Italy  and  Greece  do  not  appear  In  this 
table,  in  spite  of  their  importance  as  lead-producing  coimtries.  The  fotmer  prodaeea 
about  9,000,  the  latter  about  8,000  tons. 

t  Figure  for  1872  (latest  official  statistics),  including  the  wrought  metaL 
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ZINC* 


<t^  vmioui  wun- 


L 

1  Bdginm 

8.  fxanoe 

4.  ITnlted  States 

6.  Great  Britain 
«.  Soasia 

7.  Aoatiia 

a.  Spain 


Tomut. 

ssTeM 

49,060 
17,434 
10,001 
0,747 
8,090 
8.979 
2.940 


ConntEiea* 


1.  Belgium 

2.  Pruiaia 

8.  Great  Britain 
4.  Anstria 

6.  Spain 

0.  Franco 

7.  United  States 

8.  Bnaaia 


4.420 
0.624 
0.646 
0.888 
0.166 
a078 

aoe2 
aoi8 


•Aeoording  to  non-offldal  statementa,  omde  metal 

GOLD. 
[ATBiage  of  the  five  yeaxa  1871  to  1875.] 


1. 
3. 
S. 

4. 

S. 

6. 
7. 


Anstralia 

United  Statea 

Baaria 

Kew  Grenada 

Mesioo 

BoUTia 

Bcaxil 


Total  prodnet. 


JEOoi. 

60.900 

60,600 

88,880 

8,600 

2,020 

2,000 

1,720 


Iktlan. 

89,812,000 

89,645,000 

22,184,000 

2, 826;  200 

1,824,600 

1,829.204 

1.148,200 


Conntriea. 


1.  Australia  — 
8.  United  States 
8.  Bolivia 

4.  Bnaaia 

5.  Mexico 

0.  New  Grenada 
7.  Bradl 


18.29 
18.07 
2.60 
2.65 
L76 
0.80 
0.86 


Zino. 


GoU. 


SILYEB. 
[Ayerage  of  tha  fire  yean  1871  to  1876b] 


1.  ICezieo 

1  United  States 

t  Bolivia 

4. 
6.Chffl 

IPem 

7.  Austria-Hungary 


Total  prodnot. 


601,800 

604,800 

222,600 

148;  080 

82.800 

70^000 

88^060 

11,495 


Pounditntf. 

1.612,400 

1,518,200 

600^140 

888.860 

220,240 

187,660 

108,290 

80^800 


Conntriea. 


1.  Mexico 

2.  Gemaay 

8.  ChlM 

4.  BoliYla 

6.  United  States.... 
0.  Anstria-Hnngary 

T.  Pern 

8L  Bossia 


2&& 

88.04 

laoo 

14.81 

&00 

6.16 

4.60 

ao4 

surer. 


n. 

FBAirOE  AlfD  THE  FRENCH  COLONIES. 

FRANCE.* 

Gft^wh  mineaL  The  mining  industry  of  France  is  of  ancient  origin.  Be- 
metais.       ^^  fore  the  Soman  conquest  the  Gaols  were  familiar  with  gold, 

silver,  copx)er,  tin,  bronze,  and  iron.    Under  the  Soman 

Boman  ezpioi-  rule  the  exploitation  of  metalliferons  mines  gave  rise  to 
some  very  important  and  extensive  works,  which  were  aban- 
doned, however,  at  the  time  of  the  Northern  invasion,  to  be 

TiMSuaoena.  resomed  again  by  the  Saracens  in  the  Pyrenees,  the  Alps, 
and  some  other  districts;  but  it  was  only  about  the  end  of 
the  eleventh  century  that  the  mines  of  France  assumed  any 
real  importance.  In  the  thirteenth  century  the  mines  were 
again  abandoned,  in  consequence  of  the  long-continued 
interneoine  wars,  which  disturbed  the  country  and  dispersed  the  labor- 

broils  of  the  mid-  '  ,  .,     ,  « 

die  ages.  crs.    They  were  not  reopened  until  the  commencement  of 

the  sixteenth  century,  shortly  after  the  discovery  of  Amer 
ica,  when  greater  depths  in  the  mines  were  made  accessible 

inethods™^'"^^''^^  *^®  Opening  of  deep-drainage  tunnels,  and  ores  of  low 

value  were  utilized  by  improved  processes  of  crushing  and 
separating  the  richer  mineral  from  the  worthless  gangue. 
Operations  were  again  arrested  by  the  Thirty  Years'  War 
and  incidental  disturbances.     In  the  eighteenth  century, 

^Miod  of  Louis  and  particularly  under  Louis  XVI,  some  prosperous  mining 

operations  were  prosecuted  in  Brittany,  the  Pyrenees,  and 
introdactionof  in  Central  France.  The  introduction  of  powder  and  of  im- 
proved mechanical  appliances  increased  the  effect  of  labor, 
and  resulted  in  the  working  of  the  mines  at  greater  depths. 
But  this  prosperity  was  only  temporary ;  the  creation  of  a 
corps  of  mining  engineers  (1781)  and  of  a  school  of  mines 
(1783),  and  the  law  of  April  1, 1810,  which  defined  and  as- 
sured the  rights  of  ownership  in  mines,  did  not  succeed  in 
reviving  the  industry  in  metal  mining  of  France,  which 
(not considering  iron)  today  employs  only  about 4,000 la- 
borers, producing  annually  a  value  of  only  6,356,607  fr. 
sw  pi^g  It  is  to  be  remarked  that,  excepting  the  ores  of  iron,  few  of 

ezo^tinm.   ^' the  metalliferous  deposits  of  France  are  sufficiently  rich, 

and  at  the  same  time  sufficiently  accessible,  to  repay  exploi- 
tation. 

*  Mainly  from  the  <  *  StaUsHque  de  V Industrie  M%n4rale"  and  other  official 
Bonroea. 
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Since  the  year  1791  there  have  been  granted  1,233  mining      "^^^b. 
concessions  of  every  sort.    Of  these  G15  were  for  combnsti-    Hining  oonoes- 
ble  materials,  297  for  ores  of  iron,  225  for  metals  other  than  ^'^ 
iron,  96  for  sundry  substances.    In  1872  there  existed  611   in  1872. 
concessions  of  mines  of  coal,  anthracite,  and  lignite,  cover- 
ing a  superficial  area  of  little  more  than  5,418|  square  kilo- 
meters (about  2,092  square  miles) ;  251  concessions  of  iron 
mines,  with  a  superficial  area  of  1,187.69  square  kilometers 
(about  458  squai*e  uiiles) ;  and  222  concessions  of  mines  of 
sundry  metals— embracing  an  e:stent  in  area  of  2,867.79 
square  kilometers  (about  1,107  square  miles).    At  the  end   in  i876. 
of  1875  the  number  of  concessions  of  mines  in  France  had 
increased  to  1,256,  of  which  613  were  for  coal  or  mineral 
fuel,  284  for  iron,  244  for  sundry  metals,  and  615  for  various 
substances.     Besides  these  there  are  a  great  number  of 
quarries  from  which  are  obtained  materials  for  construction, 
building-stones,  marbles,   clays,   refraetory  earths,  phos- 
phates, ochers,  talc,  barytes,  sulphur,  rock-salt,  alum,  etc. 

Ores  of  copper  are  rare  in  France.  Such  as  are  treated  Copper  ores, 
there  metallurgically  are  brought  from  Bolivia,  Algeria,  and 
Italy ;  the  supply  of  metal  from  these  sources,  and  from  the 
remeltihg  of  old  stock,  being  supplemented  by  importations 
of  copper  from  England,  the  United  States,  and  Chili,  espe- 
cially the  last-named  country. 

In  addition  to  the  domestic  supply  of  lead  ores  in  France   Leaa  ores. 
are  those  sent  from  Sardinia,  Spain,  and  Algeria;  while 
lead  is  imported  in  the  pig  from  England,  Spain,  and  Bel- 
gium. 

Ores  of  zinc  are  mined  and  treated  to  some  extent  in  the   zino  ona. 
south  of  France;  the  principal  portion  of  the  zinc  ores 
treated  in  France,  however,  come  from  Spain,  Oermany, 
and  Belgium.    The  crude  metal  is  also  brought  from  Silesia 
and  other  sources  for  manufacture. 

The  supplies  of  manganese,  mercury,  antimony,  cobalt,       ManganeBe, 
tin,  and  the  precious  metals  employed  in  the  industries  of  SSI^^Sn.  gSa^ 
France    come   almost  altogether  from  foreign  countries.  J^rS.  *****'  ^' 
Within  recent  years  large  quantities  of  nickel  ores  have 
been  sent  to  France  from  "New  Caledonia,  one  of  the  French 
colonies  of  the  South  Pacific. 

The  most  important  elements  in  the  mining  industries  of  iron  on. 
France  are  iron  and  coal.  The  iron  deposits  have  been 
worked  since  the  time  of  the  Gauls  in  many  localities  where 
the  ore  was  found  sufBciently  rich  to  be  reduced  in  small 
charcoal -hearths.  This  industry'  continued  to  increase  stead- 
ily from  the  end  of  the  sixteenth  century,  when  it  first  as- 
sumed a  real  importance,  until  1860,  when  the  necessity  of  Treotiesof  isoo. 
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_  competing  with  foreign  prodncts,  to  which  commercial  treat- 
importation  of  ies  had  opened  the  country,  brought  about  the  importation 
ores.  ^^  ricii^j.  Qres  from  a  distance  and  even  from  abroad,  with 
which,  by  the  use  of  coke,  it  was  possible  to  produce  iron 
comparable  in  quality  to  that  made  with  charcoal  at  a  higher 
cost. 
of  TichorforeiS     ^^®  chaugc  in  the  metallurgical  industry,  together  with 
ores  for  the  poor  the  gradual  Substitution  of  steel  for  iron,  has  diminished 

the  production  of  iron  ores  of  low  tenor,  which  are  of  very 
abundant  occurrence  in  France,  by  diverting  the  attention 
of  metallurgists  to  the  richer  deposits  of  the  Pyrenees  and 
the  Alps,  where  extensive  and  important  operations  have 
been  undertaken.    Notwithstanding  this,  the  importance  of 
foreign  ores  for  treatment  in  France  appears  to  have  in- 
creased somewhat  in  spite  of  the  loss  of  Alsace  and  Lor- 
raine. 
Importation     The  following  table  shows  the  importation  of  iron  ores  into 
^  irra"^  ^  France,  in  juxtaposition  with  the  consumption  for  a  series  of 
^  years.    The  French  tonne  is  1,000  kilos,  or  2,205  lbs.  avoir- 

dupois. 


1863 
1872 
1878 
1874 
1876 


Importation. 


Tonnet. 
117, 5«7 
438,734 
r20,508 
801,249 
832,875 


Consumption. 


Tontist. 
8, 20:!.  486 
3,105,402 
8,418,779 
8,104,534 
3,150,076 


SoaicM  of  for.     '^^  sourccs  upou  which  France  draws  for  iron  ores  may 

eign  iron  ores.      ^  ^^^  fj^^  ^jj^  following  table : 


Conntry* 


Algeria 

SpOn 

Beljcinm 

Jta^ 

other  oonntrioB 

Total 


1873. 


267,832 
175.601 
120,032 
123,061 
83,572 


720,508 


1874. 


836,282 
186,168 

92,934 
145,076 

40,760 


187&. 


383.807 
160,884 
182,873 
129,211 
36,600 


801,249        882.875 


Chal. 


Goal  was  mined  at  Boche-la-Moli6re,  in  the  valley  of  the 
Loire,  as  early  as  1321.    In  the  sixteenth  century  there 
.  ,    ,    ,     were  exploitations  in  coal  at  Brassac  and  at  Orand'-Combe. 

Burly  develop- 

mentof  ooaimin-  At  the  cud  of  the  Seventeenth  century  coal  mining  was  de- 

'*  veloped  at  Decize,  and  French  coals  were  sent  to  Paris  in 

comi>etition  with  English  coal,  which  had  been  used  there 

since  1520.    During  the  eighteenth  century  the  coalmining 

industry  of  France  assumed  considerable  importance.    In 

steam-e^e^r  1720  the  Yicomtc  D^saudroius  discovered  coal  at  Fresnes, 
mino^raSning  in  ^^^  ^^  ^^3^  ^^  ^^^^^^^     rp^g  ^^^^  stcam  engine  was  brought 
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PIUKGB. 


to  France  in  1732,  and  employed  in  draining  the  mines  of  _ 

Anzin.    At  the  present  day  the  collieries  of  the  Compagnie    Oool 

des  Mines  W Anzin  are  the  most  important  in  France,  their  j|^^§?gj^** 

annaal  production  being  about  2,000,000  tonnes,  or  more 

than  one-eighth  of  the  entire  product  of  the  country.    In 

1789  the  coal  mines  of  sixteen  provinces  produced  240,000 

tonnes,  a  quantity  about  equal  to  the  coal  importation  of 

that  time.    Since  then  the  production  has  increased  OO-fold,  dn?^^*1?52l 

while  the  importation  has  increased  about  32-fold,  the  latter  ^*^^- 

being  now  only  about  48  per  cent,  of  the  native  x>roduction, 

to  which  it  was  about  equal  in  1789,  and  only  33  per  cent. 

of  the  total  consumption,  of  which  it  then  formed  53  per  cent. 

The  French  importation,  exportation,  and  consumption  of       x,^SS^' 
coal  for  three  years  were  as  follows,  in  tonnes :  apd     oodsqW 

''  '  tion:  1873-187& 


Importation. 


1873 
1874 
1875 


8,028,660 
7,433,470 
8,282,220 


Exportation. 


604,670 
747, 050 
671,680 


Consmnption. 


24,702,380 
28,417,580 
24,657,530 


More  than  one-half  the  coal  imported  comes  fifom  Belgium,  .^^^^  ^  ^^"^ 
about  one-third  from  England,  and  an  eighth  from  Germany. 
Of  the  exported  coal  nearly  two-fifths  goes  to  Italy. 

The  maimer  in  which  coal  is  consumed  is  always  an  inter- 
esting question  from  a  technological  point  of  view.  The 
following  are  the  data  for  France : 


How  consniiMd. 


Mines 

Smelting  works 

Bailways 

Ocean  steamers 

Biver  steameiB 

In  otlier  ways  (by  difference) 

Total 


1878. 


Tonnet, 

3,042.230 

4, 060,^59 

2,108,471 

827, 700 

71, 000 

10, 182, 220 


24, 702, 380 


1874. 


Tonnes. 

1,110,000 

4.  GOO,  509 

2,031,119 

281,000 

Gl,  800 

15, 220,  C42 


23,417,630 


1876. 


Modfl  of  oon- 
aamption  of  ooaL . 


TonfMt. 

1,174,280 

4.880.883 

1,080,778 

300,600 

08,000 

10,238,084 


\ 


PereenL 

24.58 

&03 

1.26 

0.27 

65.80 


24,657,530 


100.00 


By  reference  to  the  articles  on  Great  Britain  and  Austria 
it  will  be  seen  that  the  percentage  consumption  varies 
greatly  in  the  three  countries. 

The  mean  price  of  coal  and  lignite  has  risen  steadily  dur-   Mean^piioe< 
ing  the  i>eriod  covered  by  the  table.    It  was  as  follows : 

Francs. 

In  1883 11.31 

In  1867 12.23 

In  1872 13.46 

In  1875 16.93 

These  are  practically  prices  of  coal,  to  the  production  of 
which  that  of  lignite  bears  a  very  small  proportion. 
12  p  B ^VOL  4 
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Producto  of 


Table  of  iks  produoU  of  the  Freiuh  mimee. 


ProdnoU  of  the  miiMi«l  industry. 


GomboBtible  minerals : 

Coal 

Lignite 


Total 


Peat 

Baw  iron  ore 


MetaDloores: 

Ssr.::::::::::::::::: 

Lead  andanver 

Antimony 

Manganese 

Nickel  and  cobalt 

Zinc   

Tin 

Iron  pyrites 

Iron  and  copper  pyrites. 


Total 


Tarions  minerals : 

Bauxite  and  alnminoos  minerals . 

Sulphur 

Bitumen  and  bituminous  schists. 


Graphite. 
Bock-salt 

Total 


1863. 


Tonnet. 
10,447,022 
262,  M7 


10.709,560 


421,342 
4.000,624 


70.870 

805 

106^620 

86 

4,239 

23 


28,717 


210, 819 


1867. 


Tonnei. 
12,464,650 
274.029 


12.738,688 


147.377 

10 

168,304 


315, 751 


326,744 
8,279,395 


75,608 
220 

89;  800 

100 

4,434 


560 
'40,088' 


1872. 


187S. 


Tonnes. 
15,359,196 
443,319 


16,504,635 
452,205 


15,802,514 


211,554 


1,200 


163,932 

'iii'w 


3n,899 


824.823 
8.081,026 


7.658 
817 

77,618 
173 

10,815 


202 

273 

45,813 

89,539 


232.298 


1.600 
4.563 

208.130 
1 

191.722 


406,016 


16,056,840 


817.748 
2.505^870 


8,608 

•8,'728 

228 

9,016 


4,068 

1,000 

131,154 


162.907 


2,660 

4,900 

140.696 


231,642 


379,907 


*In  former  years  the  crude  ore  as  it  came  from  the  mine  was  entered  in  the  StiUiUtiqw,  but  of 
late  years  the  poor  ore  which  is  concentrated  appears  in  the  tables  only  for  the  weight  of  tiie  oon- 
^oentntion. 
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To  complete  the  foregoing  statement  of  the  prodacts  of 
the  mining  indostiy  there  should  be  added  the  products  of 
quarries^  concerning  which  accurate  statistical  data  are  not 
readily  obtainable.  They  fhmish  building  materials,  hard 
stones,  marblesjasper,  agate,  slates,  clays,  phosphates,  etc., 
which  in  the  aggregate  form  a  very  important  part  of  the 
mineral  resources  of  the  country. 

The  following  table  will  give  a  sufficient  idea  of  the  for-    Foreign  trade 

^4_    J     .  in  ores. 

eign  trade  m  ores : 


Kames  of  minerals. 


Lead  ores. .. 
Copper  area. 
Zino  ores  . . . 
Tin  ores  .... 
Mancaneae . 
Anomon! 
Iron  pj 
Snlpnor 
Graphite.. 
Other  ores 


Ores  of  gold  and  plaitinimi . . , 
Ores  of  fldlTor 


1673. 


Im 


iporta- 
tiion. 


2bnnw. 

12,086 

4,601 

26,370 


24,498 

29 

14,416 

47,420 

975 

4,298 

EUot. 

32 

4,646 


Exporta- 
tion. 


Tonnet. 
2,612 
1,068 
3,250 


1,661 

1 

14,697 

459 

61 

449 

KUot. 


1874. 


Importa- 
tion. 


TonnM. 

12,631 

7.849 

23,720 

428 

26,014 

27 

11,786 

46,203 

934 

4,226 

KUos. 
493 
123,119 


EzportSr 
uon. 


Tonnet. 
2,848 
1,266 
1,748 


686 

96 

9,893 

114 

78 

924 

KUot. 


104,259 


1876. 


Importa- 


morta- '  Bxporti^ 
laon.        uon. 


Tonnet. 

12,495 

6,462 

25,219 


17,440 

37 

25,756 

38,916 

978 

2,676 

EUot. 
1,910 
121,366 


Tonnet. 
3,596 
1.746 
2,786 


1,362 

134 

18,770 

58 

65 

40 

KUot. 


56,269 
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StetistlosoflA- 


In  1872  the  laboring  population  employed  in  the  mining  indnfitiy 
amounted  to  abont  320,000  men,  of  which  nnmber  134,173  were  employed 
in  the  mines  and  peat  works,  19,820  in  underground  quarries,  78,319 
in  open  quarries,  and  86,503  in  metallurgical  establishments.  The  fol- 
lowing table  presents  some  interesting  data  concerning  wages  and  value 
of  the  products  of  labor  in  mines  of  different  nature : 


Me«n  of  wages  paid  anniuilly  to  Iftboran  in  mJnesof. 


Yahie  mimially  prodnoed  per  hkhomr  In  mines  of. 


1 
I 


ATerage  aonval  pndnotkm  in  tonnes  of  auMerisl  per 


laborer  in  mines  of 


Mines  o^- 


ICineral  ftiel . 

Peat 

Iron 

other  meuJs 
Mineral  fyiel . 

Peat 

Iron 

other  metals. 


Mineral  ftiel 

Peat 

Iron 

Manganese  . 
Iron  pyrites 


1J86S. 


1102  40 
14  40 
111  60 
1U40 
829  00 
26  00 
24100 
268  00 


140160 
18.80 

276i00 
8190 

lO&OO 


SLOe 


1872. 


9190  00 
18  00 
149  40 
117  40 
478  00 
26  00 
804  00 
00 


172.60 
12L06 

820LOO 
28L00 

180LOO 

162.50 
84.06 


la  the  abore  table  the  frano  is  reckoned  at  20  oents  United  States  ODRencj.    The  tonne  is  1,000 
ki]os=2,206  poinds. 
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Hfnmbor,  6Z* 
tent^  and  egnip* 
meat  of  mmes: 
1868-1872. 


A  general  idea  of  the  condition  of  tbe  mining  industry  of  France  is 
expieseed  by  the  following  tabular  statement,  showing  the  nnmber, 
extent^  and  equipments  of  mines  in  the  years  named  below : 


Mlnenlftiel 


Irai 


{ 


BftanliMMis  aohiatSir 
bitmiken,  ond  sol-  < 
pfaar.  i 


Kumber  of  minet 

Greatest  depth feel. . 

s*—^-*^- {SS^SUi- 

Laborcn  employed 

Total  prodttcuon tonnea.. 

Nomberofexploitiitloiiis 

Laboien  employed 

Total  production tonnes . . 

Komberofmines 

Number  of  qnanies 

Steam-enffines 


CNamber 

I  Horae-power . 

Laborera  employed 

Total  prodawlon tonnea. . 

Nam  oer  of  minea 

Greateat  depth ftet. . 

Laborers  employed 

Total  production tonnes. . 

Number  of  mines 

Laborers  employed 

UHion 


tonnes. 


Total  prodac 

Nomber  of  mines. 

Greateat  depth (ieet. 

Bteam-enginea J  Horse-power 

H»*~'««»«^ {hSSS^w 

Laboreca  en^lsyed 

loaon... 


TotiJpradnc 


tonnes. 


1888. 


8,088 

760 

28,879 

78,857 

10.709,888 

1,856 

80,518 

421,842 

92 

814 

63 

787 

14.546 

8,277,896 

69 


4,572 

210, 819 

25 


147,887 

13 

571 

82' 

388 

3 

14 


188,864 


1872. 


810 

2,098 

878 

40,824 

91,899 

15,802,514 


28,893 

824,807 

81 


47 

755 

9,605 

2,781,790 

51 

804 

4,029 

232,290 

26 

714 

214.293 

18 


85 

492 

13 

147 

1,083 

191,720 


182  UNIVEBSAL   EXPOSITION  AT  PARIS,  1878. 

r^^^  It  is  not  practicable  to  bring  the^e  tables  up  to  date,  for 

the  form  in  which  the  statistics  are  published  has  been 
slightly  changed;  nor  is  this  altogether  to  be  regretted, 
since  the  data  are  evidently,  if  accurate,  very  incomplete. 
Incompleteness  Laborers  working  in  the  peat-bogs,  for  example,  certainly 
do  not  work  the  whole  year  through  for  thirteen  dollars, 
and,  if  not,  the  corresponding  data  as  to  the  number  em- 
ployed give  no  idea  as  to  the  amount  of  work  done. 
FinotuatioDBiii     The  pricc  of  labor  has  risen  since  1872.    In  1875  the  mean 
dnoSon^iuai  wages  paid  colliers  was  $211.65.    The  production  per  man 
in  the  coal  pits  has  notwithstanding  diminished.    In  1875 
it  was  156  tonnes,  against,  172.5  in  1872.    This  falling  off  is 
possibly  due  to  the  increased  depth  of  the  mines,  but  the 
difference  is  very  large  to  be  accounted  lor  in  this  way. 
Number     Engineers  will  be  able  to  gauge  the  extent  of  the  mining 
stoamln^eB  in  industries  of  Fraucc  in  1875  by  a  glance  at  the  following 
187ft.  ^  '  table  of  the  number  and  power  of  the  sticam-engines  in  use 

in  that  year : 


Chaiaoter  of  the  mines. 


Coal  or  other  ftiel . 

Iron 

Other  metals 

Total 


1.028 

58 

101 


1.177 


Equivalent  in 
horse-power. 


48,082 

078 

1,888 


51,581 


Anzin  Coal  The  AusAn  Cool  Mining  Company. 

Mining  Co. 

The  Goal  Mining  Company  of  Anzin,  as  has  been  men- 
tioned, is  the  largest  in  France.    Its  property  covers  28,054 
hectares,  or  about  108  square  miles,  and  it  produces  an- 
Eztentoadpto.  uually  abovc  2,000,000  tonnes  of  coal,  employing  15,000  men, 
dnction.  ^^^^  ^^j^^  ground  and  3,000  on  the  surface.    If  the  fiadli- 

ties  for  drainage  were  good,  from  5,000,000  to  6,000,000  of 
tonnes  might  be  produced. 

Ezoeiient  ex-  The  exhibit  of  this  company  was  particularly  complete 
and  geoiogioaL  aud  instructive.  JS'ot  only  was  very  full  statistical  informa- 
tion fhmished,  but  geological  specimens  illustrating  the 
deposits  were  to  be  seen,  as  well  as  samples  of  coal  and  of 
artificial  fuel,  the  tools  employed,  and,  above  all,  a  magnifi- 
cent model  of  a  portion  of  the  coal-seam,  with  the  under- 
ground and  sur&ce  works  accurately  carried  out  to  a  scale 

Model  of  mine  of  one-tcuth.    This  modcl  was  as  large  as  a  small  house. 

and  mode  of  ex- 

pioitation.         A  passagc  led  into  the  lower  part  of  the  structure,  where  the 

folding  and  faulting  of  the  coal-seams  and  their  relations 
to  the  overlying  and  underlying  strata  were  admirably  ex- 
hibited.   The  passage  also  led  to  a  representation  of  the 
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FRAMCB. 


Model  of   the 
mines  and  works. 


underground  working,  where  were  seen  the  division  of  the 
ground  on  the  panel-work  plan,  the  method  of  breasting 
the  coal,  the  transportation  of  the  cars  by  the  tail-rope  ^^cog^^ning 
and  endless-chain  systems,  and  the  hoisting  through  the 
shafts,  in  complete  detail.  The  safety  apparatus  is  that 
of  Cousin,  mentioned  elsewhere.  Ascending  a  stairway  one 
reached  a  model  of  the  surface  works,  including  the  build- 
ings, engines,  coal-screens,  etc.  In  short,  from  the  excel- 
lent disposition  and  execution  of  the  model,  the  mines  could 
be  studied  almost  as  well,  and  much  more  easily,  than  on 
the  ground. 

The  Anzin  Company  washes  its  own  coals,  and  manufact-^j^j^^^jJS^Jj^: 
ures  coke  and  artificial  fuel.  This  latter  branch  is  one  of  *<^  ^^^ 
great  importance,  the  product  being  no  less  than  150,000 
tonnes  per  year.  For  the  purpose  of  sustaining  it,  the  com- 
pany has  been  obliged  to  establish  a  tar  distillery,  the  liquid 
products  of  which  are  rectified  and  sold.  The  company 
owns  845  coking  furnaces  and  manufactures  300,000  tonnes 
of  coke  a  year. 

The  usual  arrangements  for  the  material  and  intellectual 
welfare  of  the  workmen  and  their  families  are  provided  on 
a  liberal  scale  by  the  company. 


Products  of  the  French  smelting  works. 

To  supplement  the  foregoing  tables,  information  is  given 
below  concerning  the  yield  of  the  French  metallurgical  in- 
dustries. In  this  connection  it  is  important  to  observe, 
what  has  already  been  noted,  that  French  works  draw  a  very 
large  portion  of  their  ores  and  crude  metal  from  abroad. 

Iran  and  steel  produced  in  FroMoe. 


Smelting  works. 


IroD  and 
steel  prodnoed  in 
Fianoe. 


Years. 


1810. 
1826. 
1880. 
1840. 
1850. 
1800. 
1870. 
1870* 


Pig'inm. 


Bar-iron. 


SteeL 


112,600 


266,802 
347,774 
461,653 
898,333 
1, 178, 114 
1, 395, 657 


74,200 


138,460 
237,370 
246,196 
532,212 
830,786 
870, 312 


4,916 


9,268 

10,981 

29,849 

94,387 

280,829 


*  These  data  differ  somewhal  from  those  given  in  the  **Annuaire  de$  JfliMt,  d^apr^ 
1$  urviee  de8  miiMS.'* 
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VBAHCB. 

■#  ■ 


Other  meUUs  produced  in  France. 


Prodaotion  of 
otiier  metals  than 
Iron  in  France. 


Metals. 


Copper  and  brass . 
Lead  and  litharge. 

Zinc,  CTade 

Nickel,  crude 

Alnmininm,  crude 


Silver,  fine. 
Gold,  fine.. 


1S63. 


Tonnet. 

14,762 

28,652 

1,176 


JKlM. 

44,409 
500 


1867. 


Tonttea. 

18,016 

27.701 

3,485 


L7 

KUoM. 
41,080 
737 


1872. 


Tonnet. 

21,455 

21,486 

8,245 

877 

L8 

Kilot. 
34,454 
410 


1876L 


Tonnet. 
25^006 
27,163 


12,783 


JTilM. 

48^014 
850 


Giant  powder. 


Relative  explo- 
sive power  ordy- 
namite  and  gun- 
powder. 


Production  in 
Nobel  ^Co.*8  fac- 
tories in  Ger- 
many and  Aus- 
tria. 


Relative  danger 
(tfnitro-glycenno 
and  gunpowder 
works. 


As  to  spontane- 
ous decomposi- 
tion and  ignition. 


Behavior  of  fro- 
zen nitro-glycer- 
Ino. 


Oiant'powder. 

It  is  familiar  to  every  one  that  the  use  of  dynamite  or 
giant-powder  has  increased  enormoasly  during  the  last 
years,  in  consequence  of  its  greater  explosive  power,  which 
may  be  estimated  at  from  four  to  five  times  that  of  ordinary 
black  powder ;  indeed,  according  to  experiments  made  by 
order  of  the  Prussian  Government,  the  relation  is  as  1  to  6.7. 
Exact  data  as  to  the  quantity  of  dynamite  used  are  not  ac- 
cessible, but  fix>m  1875  to  1878  the- factories  of  Kobd  &  Co., 
in  Germany  and  Austria,  alone  manufactured  2,667  tons  a 
year  of  this  explosive,  which  is  equivalent  to  about  10,000 
tons  of  black  powder  per  annum,  which  is  not  far  from  the 
amount  of  the  latter  yearly  produced  in  England. 

The  preparation  of  nitroglycerine  explosives  has  been 
popularly  supposed  to  be  excessively  dangerous.  Figures, 
however,  would  seem  to  show  that  this  is  a  mistake,  at  least 
wlien  the  operations  are  conducted  with  skill  and  care. 
There  were  only  two  explosions  involving  loss  of  life  in  the 
German  and  Austrian  dynamite  factories  above  mentioned, 
against  twenty-four  in  England  in  the  saltpeter-powder  fac- 
tories during  an  equal  period.  A  dozen  years  or  more  of 
the  use  of  dynamite  have  also  shown  that  when  made  with 
even  moderate  care  spontaneous  decomposition  and  ignition 
do  not  take  place,  at  least  within  four  or  live  years  after  the 
material  has  been  prepared.  Another  point  upon  which 
some  misapprehension  has  existed  is  the  behavior  of  frozen 
nitro-glyceriue.  It  has  been  supposed  tbat  in  the  solid  state 
nitro-glycerine  and  the  explosives  of  which  it  is  the  base 
were  much  more  dangerous  and  more  easily  fired.  It  ap- 
pears to  be  true  that  cutting  frozen  nitroglycerine  with  an 
iron  tool  may  induce  an  explosion ;  it  is  said,  however,  that 
an  explosion  may  even  more  readily  be  produced  by  similar 
means  at  a  temperature  exceeding  the  melting  point  of  nitro- 
glycerine (7  or  8  degrees  C).  In  experiments  made  by  ar- 
tillery officers  in  Austria  it  turned  Out  that  fluid  nitro-glyee- 
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Tine  placed  upon  an  iron  plate  has  exploded  by  the  impact 

of  a  rifle-ball  at  a  distance  of  a  thousand  paces,  while  when 
£rozen  the  distance  had  to  be  diminished  to  sixty  paces  in  u^^^i^^^ 
oirder  to  produce  the  same  effect.    It  is  also  known  that^^ 
much  stronger  percussion  caps  have  to  be  used  in  firing 
cartridges  of  firozen  dynamite  than  in  those  where  the  ex- 
plosive is  in  its  normal  pasty  condition. 

Besides  samples  of  the  ordinary  preparations  of  nitro-  Dyiuunite-gnm. 
glycerine,  there  was  exhibited  at  Paris  a  new  explosive  in- 
vented by  Mr.  Nobel,  and  called  dynamite-gum  or  €xplo9ive' 
gum.    This  is  a  mixture  of  collodion  with  nitro  glycerine    itsiwtiiie. 
containing  from  93  to  94  per  cent,  of  the  explosive  compound. 
The  two  substances  are  mixed  in  such  a  manner  that  the 
product  forms  a  gelatinous  solid.    In  this  new  shape  the 
nitroglycerine  exhibits  somewhat  different  properties  from 
those  of  the  well-known  preparations.    When  not  confined — 
exploded,  for  example,  on  a  piece  of  boilerplate — the  dyaa-   Bebsyior. 
mitegum  produces  less  effect  than  No.  1  giant-powder;  on 
the  other  hand,  when  confined — as,  for  instance,  in  a  drill- 
hole— the  effect  is  50  per  cent,  greater.    The  new  explosive 
is,  furthermore,  vastly  less  sensible  to  shocks  than  other   LoMaeasibieto 
similar  mixtures.    A  chassepot  ball,  striking  the  gum  at  a 
range  of  only  25  meters,  failed  to  produce  an  explosion.    It 
is  consequently  applicable  to  the  filling  of  shells  and  to 
other  military  uses-    Furthermore,  water  has  no  effect  upon . '^■JSit  "****" 
this  substance.    As  to  the  permanency  of  the  compound,  the 
invention  is  too  new  to  speak  with  absolute  certainty ;  but 
cartridges  kept  for  over  a  year  in  the  air  and  under  water 
Show  no  sign  of  any  change. 

In  a  private  letter  the  general  manager  of  the  SoeUU 
GSnAralepour  la  Fdbrioation  de  la  Dynamite  says :  The  com- 
parative tests  which  have  been  made  on  blocks  of  lead  shown 
in  our  exhibit  gave  the  following  relations  between  the 
various  explosives  by  volume.  These  relations  may  be  re- 
garded as  those  of  the  strength  of  the  powders : 

Military  or  iiiining  powder 1  Bxploaive 

1^           -A    w     o  e      power  of  reepeot- 

X>ynamite  ao.  6 o     fve  powders,  etc. 

Dynamite  No.  1 7.5 

Dynamite  No.  0  (cellulose  base) 8. 5 

Dynamite-gnm 10 

Safety  apparatus.  ntJ^^'^^' 

There  were  various  safety  apparatus  exhibited  at  Paris, 
for  the  most  part  modifications  of  devices  already  familiar 
to  mining  men.    M.  Cousin's  apparatus,  invented  a  couple   couhIil 
of  years  before  the  Exhibition)  however,  possesses  some 
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v^^ciL      novel  features.    The  clutch,  instead  of  acting  on  the  gaides 
in  case  of  accident,  clasps  a  rope  extending  from  the  top  to 
B^S^t^til  th®  bottom  of  the  shaft.    The  lower  end  of  this  safety  rope 
vatora.  jg  fixed,  but  the  npper  end  passes  over  pulleys,  and  is  at- 

tached to  a  string  of  graduated  weights,  the  upi>er  one  of 
which  is  the  lightest.    Consequently,  when  the  safety  clutch 
seizes  the  rope  the  arrest  of  the  cage  is  not  instantaneous ; 
the  safety  rope  is  drawn  down  until,  one  weight  after  an- 
other being  raised  from  the  ground,  the  cage  and  its  load 
Defloriptioii.     are  Counterbalanced.     This  is  an  ingenious  construction, 
and  no  doubt  insures  a  gradual  arrest  of  the  motion  of  the 
cage,  and  prevents  the  destruction  of  guides.    Whether 
American  mining  men  will  agree  with  the  managers  of 
some  of  the  most  prominent  French  mines,  that  the  difficnl- 
somewhat  com- ties  experienced  with  the  more  usual  constructions  are  suf- 
^  **  ficient  to  warrant  the  complication  involved  by  M.  Cousin's 

plan,  seems  questionable. 
Anti-overwind-     Safety  apparatus  providing  against  overwinding  are  be- 
ing appara  s.    ^^^jj^j^g  general  in  France.    The  fundamental  idea  is  com- 
monly to  detach  the  cage  automatically  from  the  hoisting 
rope  when  it  approaches  the  sheave  dangerously.     The 
attachment  between  hoisting  rope  and  cage  is  so  constructed 
that  on  striking  a  beam,  passing  through  a  ring,  or,  prob- 
ably best  of  all,  upon  entering  a  hollow  truncated  cast-steel 
i>«^ariptioa  o'cone,  the  cage  is  detached.    Its  fall  is  then  prevented  by 
the  action  of  the  same  apparatus  upon  which  dependence 
is  placed  in  case  of  the  breakage  of  the  hoisting  rope. 
Provisions  against  overwinding  should  be  more  common  in 
America  than  they  are,  even  in  our  most  important  mining 
districts,  and  miners  will  readily  recall  frightfiil  accidents 
arising  from  the  lack  of  this  precaution. 
•  Special  regulations  looking  to  the  safety  of  the  miners 

exist  and  are  strictly  enforced  in  France,  as  in  all  the  great 
Annnai  per- European  couutrics.    The  number  of  accidents  however  is 
aS^Simded  by  large,  nearly  two  per  cent,  of  the  men  being  killed  or 
.^  wounded  each  year.    More  exactly,  in  the  year  1875,  which 

was  not  an  exceptional  one,  2.06  men  x)er  1,000  employed  in 
mining  were  reported  as  killed,  and  17.73  per  1,000  as 
wounded.    The  coal-mining  interests  of  France  so  greatly 
exceed  the  rest,  that  one  might  suppose  the  accidents 
mainly  ascribable  to  the  peculiar  dangers  met  in  the  extrac- 
tion of  coal.    Such,  however,  does  not  seem  to  be  the  case. 
flreSlS^i^'ftS^^®  injuries  arising  from  explosions  of  lire-damp  and  as- 
craent  than  those  phyxia  amouut  to  ouly  8  iu  10,000  coal  miners.    A  large 
™  ^  majority  of  the  accidents,  especially  of  the  fatal  ones,  in  all 

classes  of  mines,  are  caused  by  the  caving  in  of  ground. 
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The  advances  in  the  art  of  mining  in  France  during  the      "^c»- 
last  ten  years  present  no  especial  i)eculiaritie8.    Steel  cables    improvementB 

,  ,  In  maohtneiy  of 

have  been  introduced  instead  of  iron  to  a  very  great  extent ;  Fnmoh  mineB. 
wooden  and  iron  guides  have  replaced  ropes  used  for  the 
same  purpose ;  the  lowering  and  hoisting  of  miners  on  the 
cage,  instead  of  the  use  of  ladders,  has  become  prevalent ; 
rotary  pumping  engines  have  been  introduced ;  safety  lamps 
have  been  improved,  but  electric  illumination  has  made 
little  progress^  ore-dressing  and  coal- washing  have  been 
greatly  develoi>ed ;  and  the  manufacture  of  artificial  fuel  has  Artmciai  ftiei. 
become  a  very  large  business.  In  this  last  branch  of  indus- 
try pitch  has  been  almost  altogether  substituted  for  tar, 
giving  the  advantages  of  lumps,  which  are  more  solid,  and 
born  with  less  smell  and  less  smoke.  An  addition  has  been 
made  to  the  metallurgy  of  lead  and  silver  by  the  introduc- 
tion of  the  Luce  and  Bosan  process,  which  is  a  Pattinsou  J^'^^J^  ^^^ 

'  adaptation  of  the 

process,  in  which  the  stirring  is  effected  by  a  jet  of  steam.  Patdoson   lead- 

By  this  process  the  complicated  mechanism  necessary  in 

what   is   called   the   mechanical   steam-pattinsonizing  is 

avoided ;  the  steam  assists  in  the  oxidation  of  impurities, 

and  the  concentration  of  the  silver  can  be  carried  somewhat 

farther  than  b}'  the  old  method  of  manipulation.     This 

process  has  been  introduced  into  America  (at  Eureka)  and 

into  England. 

Some  general  notes  on  models.  Modeisofmines 

and  worka 

One  of  the  most  noteworthy  exhibits  of  this  kind  was  the 
model  in  wire  composed  by  La  Compaqnie  des  Fonderies  et ,  i*  Comp«gnie 

--  Mr  *f  jr   •/  ^^g  Fonderiea  et 

Forges  de  Terre  Nbirej  Lavoulte^  et  BessSgeSj  presenting  in  Forgea  de  Terr© 

relief  and  at  one  view  the  form  and  fe^^tures  of  the  surface 

and  the  subterranean  works  of  the  mines  at  their  proper 

relative  depths  beneath  the  surface.    The  subject  of  this 

plan  comprised  a  superficial  area  about  3  miles  long  by  2 

miles  wide,  perhaps  a  little  more  or  less,  beneath  which   nescription  of 

_  ■  niod(d« 

were  represented  a  portion  of  the  underground  works  of 
the  collieries  and  iron  mines  belonging  to  the  company 
above  ground. 

This  method  consists  in  producing  the  form  of  the  sur-^^^J^^e^- 
face  in  equidistant  contour  lines  represented  by  wires  of 
sufficient  strength,  the  contour  in  this  instance  being  taken 
at  intervals  of  five  meters  in  vertical  distance,  and  the 
horizontal  wires  being  held  in  their  relative  position  by 
other  wires  joining  them  transversely  in  such  manner  as  to 
form  a  net-work  presenting  the  relief  of  the  surface. 

This  model  was  constructed  by  first  preparing  a  map  of  j^^^^^p""***^ 
the  sarfiaoe,  on  which  the  contour  wires  were  carefully  drawn. 
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rtt^cK,      Each  of  these  oontoars  was  then  reprodaced  in  brass  wire. 

In  order  to  place  these  contour  wires  in  their  proper  rebb- 

^^^MTO-tive  position  a  series  of  profiles  in  wood  was  employed, 

works.  formed  of  thin  boards  set  np  vertically  and  parallel  to  each 

other,  each  cut  on  its  upper  edge  so  a^  to  form  the  profile  of 
that  part  of  the  sur&ce  of  which  it  represented  a  section. 

BtructtoiL^  ^^^'  ^^®  contour  curves  in  wire  were  placed  upon  and  supported 
by  the  system  of  profiles,  and  after  being  a^y usted  precisely 
to  their  proper  relative  position  were  joined  together  by  oth^ 
smaller  wires,  so  placed  as  to  bind  the  net- work  firmly,  and 
at  the  same  time  to  represent  other  features  of  the  surface, 
such  as  the  crests  of  the  ridges,  the  beds  of  the  ravines, 
the  boundaries  of  properties,  the  lines  of  roads,  the  courses 
of  streams,  etc. 
The  mirfSMse  Upon  this  uct-work  it  was  then  easy  to  place  the  repre- 
sentation on  the  desired  scale  (tisW?  ^^  ^i  ^^^  to  the  inch) 
of  the  principal  buildings  and  works  on  the  surface,  remov- 
ing finally  the  wooden  profiles  from  underneath,  and  sub- 
stituting for  that  means  of  support  a  sufficient  quantity  of 
small  uprights  of  the  desired  length,  and  at  convenient 
points. 

wOTkSi^[*™'*"^  The  underground  works  of  the  mines  were  shown  in  sim- 
ilar manner.  The  various  drifts,  tunnels,  and  cross-cuts 
were  represented  by  horizontal  wires,  each  having  the  form 
required  to  correspond  to  the  course  and  length  of  the  work 
represented  by  it.  These  horizontal  wires  being  placed  in 
proper  relative  position  beneath  the  surface  net,  were  con- 
nected with  other  wires  corresponding  to  the  shafts,  in- 
clines, winzes,  etc.,  and  other  accessory  works  of  the  mine, 
the  whole  being  also  supported  from  below  by  uprights 
Colore  to  show  fixed  at  convenient  points.    Moreover,  the  surface  wires  and 

ireologlcal  forma*  ^  ^ 

tioD.  those  of  the  underground  works  were  made  to  show  the 

main  features  of  the  geological  formation,  by  coloring  them 
with  different  tints  indicating  the  various  rocks  exposed  on 
the  surface  or  traversed  by  the  mining  works  below  ground. 

ExceUenteffect.  The  general  effect  of  this  method  of  representation  is  exceed- 
ingly good.  The  form  of  the  surface,  its  nature  expressed 
by  color,  and  the  relative  position  of  all  the  objects  shown 
upon  it,  were  brought  out  in  bold  relief,  while  the  spaces 
between  the  wires  afibrded  a  clear  view  of  all  the  works 
lying  beneath. 
Models  in  piss-     There  were  also  various  interesting  models  exhibited  in 

ter  an  glass.     pi^Q^j.  a^^  j^  giasg,    Somc  of  the  piaster  models  were  left 

in  steps  or  terraces,  the  edges  of  which  represented  the 
contour  lines.  The  glass  models  were  made  up  of  sheets 
set  at  regulardistances.    On  each  phite  was  drawn  in  trans- 
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parent  color  a  vertical  or  horizontal  section  of  the  gronnd 
corresponding  to  the  scale  of  the  model. 

Algeria. 

Sixteen  mines  'were  being  worked  in  Algeria  in  1876, 
besides  various  prospects.  In  1876  3,618  workmen  were 
employed  in  making  excavations  and  in  extraction  of  ore. 
The  following  table  gives  the  sitnation  and  prodnction  of 
those  mines  yielding  over  5,000  tons  in  the  year  1876 : 

Algerian  minet  in  1876. 


FBAVCB. 


Alfftria. 


Statistios  of 


SitDatikm  of  fbe  mfaie* 


DKPABTMBKT  OF  ALGBB. 


Sonmali 

GonrayM 

Zaccar  

Qaed  Meaaelmona. 


DKPABTIfBHT  OF  ORAH. 


Beni-Saf 

Ijebel  Haronaria. 


djepabhoht  of  ooimjjnaat. 

Xef-Onm-Tlieboiil  i 

KTiaTiMT 

Aln-Morkha 


Jbon-ore  nfaiea . 
other  minea... 


Natareof  the 

OTO. 


Iron 

Iron  and  copper 

Iron 

Iron 


Iron 
Iron 


Lead. 
Iron 


la 

9^ 


85 

82 

190 


810 
220 


887 

167 

1.471 


2,830 
788 


8,-618 


gSttnatUn  and 
~  S  prodnetion  of 
o  i     mines. 

P  9 

1b 


11,086 

7,600 

40,000 

12,000 


60,000 
14,000 


12,108 

21,686 

966^446 


668,820 
17,412 


585,782 


In  1875  the  iron  mines  employed  eighteen  steam-engines,    li^^f''^^''*^ 
giving  altogether  349  horse-power ;  the  other  mines,  four 
engines,  amounting  to  60  horse-power. 

Algeria  x>ossesses  no  blast  iomaces.    The  greater  part  of  No  biaatftima- 
its  ores  goes  to  France.    Next  to  France,  England  buys  the  ***  ^  ^^^s*'^ 
largest  x>ortion  of  iron  ores ;  then  follows  Belgium,  and 
then  the  United  States. 

The  importation  and  consomption  of  coal  for  Algeria  is       importation 

41  A^     A  i«       •  s&d  oonanmption 

seen  m>m  the  foUowmg :  of  coai 


1878 
1874 
1876 


Imported 


TCngland. 


Tonnts. 
64,890 
58,860 
60,460 


France. 


2VmfMt. 
9,060 
18,260 
12,400 


Consomed. 


TotaL 


Tonns$. 
74,840 
76»620 
71,860 
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Alffmia. 


The  quantity  of  ores  exported  fit)m  Algeria  has  been 
follows,  in  tonnes  of  2,205  pounds : 


Year. 


Export  of  ores.  1869. 
1«70. 
1871. 
1872. 
1873 
1874. 
1875. 
1876. 


Iron. 

Copper. 

Lead. 

215. 205 

5 

2,827 

lGflL429 

65 

3.487 

172,338 

1 

2,611 

301, 190 

111 

3,514 

420,700 

72 

5,446 

400,^3 

493 

8,050 

522,630 

3,020 

2,855 

466,812 

6,872 

1,615 

2,808,566 

10,188 

24,013 

Total  ore.* 


218.096 
172,091 
174,045 
894,814 
426,214 
463,815 
528,005 
464,790 


2,843,618 


*The  original  ia  given  in  qwntaUt  or  tenths  of  tonnes;  oonaeqnently,  there  is  an 
apparent  error  in  the  last  fignres  of  some  of  these  totols. 

Effect  nponAi.     Up  to  1876  Algeria  escaped  the  effects  of  the  financial 
Suction ^ede^  depiessiou  prevailing  all  over  Europe.    Spain  had  for  some 

vdopment  of  the  ..  .         i       i    •         •    ^i  mi  •  <•■«-»• 

pymeaa  mines,  ycars  been  luvolved  in  civil  war.    The  mines  of  Biscay 

were  shut  down,  and  African  ores,  to  the  exclusion  of  all 
others,  supplied  the  steel  works.  But  since  that  time  Iwo 
causes  have  modified  the  situation — the  pacification  of  Spain 
on  the  one  hand,  and  on  the  other  development  of  the  mines 
of  the  Eastern  Pyrenees,  which  have  been  put  in  communi- 
cation with  the  sea  and  with  the  French  system  of  roads 
by  the  completion  of  the  railway  from  Perpignan  to  Prades. 
This  checked  the  Algerian  production,  but  oiily  momenta- 
rily. The  high  quality  of  her  iron  ores,  better  appreciated 
every  day,  inspires  the  Algerines  with  confident  hopes. 


ihriana. 


Gold. 


Ouiana. 

The  exportation  of  gold  since  1875  has  been  not  far  from 
2,000  kilos  per  year,  representing  a  value  of  0,000,000  fr., 
say  $1,250,000.  These  are  the  official  figures,  but  they  prob- 
ably fall  considerably  below  the  truth. 

NmoCaMk>wia,  New  Caledonia. 

The  geological  formations  observed  in  !New  Caledonia  are 
of  a  very  complex  nature ;  but,  speaking  in  general  terms, 
it  is  easy  to  distinguish  three  distinct  geological  regions. 

cim^S^  p®- First,  fragments  of  primitive  and  of  crystalline  rocks, 

which  occupy  the  extreme  northern  end  of  the  island ;  sec- 
ond, serpentine  rocks  of  great  depth,  which  form,  as  it 
were,  the  skeleton  of  the  island  ]  third,  metamorphic  beds 
and  sedimentary  rocks  associated  with  melaphyres,  which 
occupy  the  west  side.  In  respect  to  the  metallic  wealth 
which  they  contain,  each  one  of  these  regions  presents  a 

^j&oid  and  cop-  gp^cial  interest.  Gold  and  copper  are  found  in  veins  tra- 
versing the  primitive  rocks  at  the  north  of  the  island,  the 
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serpentines  contain  an  abundance  of  iron,  chromium,  and      v^^ck. 
nickel,  and  the  sedimentary  rocks  at  the  west  inclose  coal   AmrOaMmiia. 

seams.  Tron,ohromi. 

nm,  niokfll,  OOftL 

It  was  at  one  time  supposed  that  New  Caledonia  would 
equal  Australia  and  New  Zealand  in  its  mineral  resources, 
but  these  hopes  have  been  for  the  most  part  disappointed. 
Some  gold  has  been  obtained,  but  the  mines  appear  to  have  ooid  and  coai 
been  abandoned,  and  it  is  said  that  in  depth  the  metal  isnott&xiven. 
replaced  by  pyrites.  The  coal  seams  are  inclined  at  a  high 
angle,  and,  so  far  as  worked,  yield  only  poor  fuel.  It  is 
doubtful  whether  they  can  ever  be  made  to  pay. 

Thus  far  the  most  important  ores  furnished  by  New  Gale-    importtxice  of 
donia  seem  to  have  been  those  of  nickel.    As  for  the  yield  *^®*"*'**^*"** 
of  the  mines,  no  authoritative  statement  has  been  found.* 
The  New  Caledonian  nickel  industry,  however,  possesses 
considerable  technical  interest,  because  it  is  founded  upon 
a  new  ore,  which  is  treated  in  part  by  new  processes.    On 
this  account  the  following  notes,  which  have  been  taken 
mostly  from  a  paper  by  M.  Jules  Gamier,  read  before  the   jniee  Gamier. 
Society  of  Civil  Engineers,  will  be  read  with  interest.    It 
will  also  not  be  amiss  to  call  the  attention  of  engineers  to 
the  possible  discovery  of  deposits  of  the  new  nickel  mineral. 

M.  Jules  Garnier  was  the  discoverer  of  a  new  nickel  ore   oamierite. 
in  New  Caledonia,  which  has  since  been  named  gamierite. 
This  metal  is  a  hydrated  silicate  of  nickel  and  magnesia, 
and  occurs  in  various  forms  in  serpentine  rocks.    Its  for-,  itsnatnreMid 
mula  is  (MgO,NiO)  Si02+nH20.t    It  is  accompanied  by 
compounds  of  iron  and  chromium  and  cobalt  mineral. 

As  is  well  known,  the  methods  of  extracting  nickel  from  ^^^  ^JJSJ^^iS 
such  ores  as  have  hitherto  been  treated  consist  in  concen-  ores, 
trating  the  nickel  in  a  regulus  or  speiss,  dissolving  the 
compound  sulphide  in  acids,  precipitating  the  nickel  as  ox- 
ide, and  reducing  the  precipitate  with  carbonaceous  sub- 
stances. 

As  gamierite  contains  no  sulphur  or  arsenic,  the  applica-    Addition  of  in. 

'  gredients  to  Gkff' 

tion  of  ordinary  methods  to  it  involves  the  addition  of  min-  mertte  to  render 
erals  containing  those  substances  in  sufficient  quantities  to  old  pioceas. 
take  up  the  metal.  This  mode  of  treatment  M.  Garnier 
considers  economical  under  some  circumstances  (for  highly 
ferruginous  ores  of  low  nickel  tenor),  but  imder  many  con- 
ditions, and  with  a  large  proportion  of  the  ores,  it  was  very 
desirable  to  invent  a  process  less  indirect,  since  the  sulphur 

*  In  187Cy  46!)  tonnes  of  nickel  ore,  regnlns,  eto.,  were  imported  into 
France.  In  1877  the  importation  rose  to  3,790  tonnes.  The  increase  is 
probably  duo,  at  least  in  great  part,  to  the  New  Caledonian  mines. 

t  According  to  M.  Gamier,  Dana's  formula  differs  slightly. 
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^^^<^-       and  arsenic  are  added  only  to  be  again  sepaiated  from  the 

N^w  Caledonia,  nlckel. 

oamierite:  an     M.  Gamier  has  made  namerous  experiments  with  a  view 
ore  o    c  e .      ^  devising  snch  a  process.    The  direct  application  of  acids 

to  the  ore  is  ineffectnal,  since  iron  and  nickel  are  not  sepa- 
rated thereby.  Experiments  were  also  made  upon  the  frac- 
tional redaction  of  the  ore.  The  redaction  was  andertaken 
at  a  low  temperature,  at  which  it  was  supposed  that  nickel 
might  be  redaced,  while  the  iron,  or  the  greater  part  of  it, 
would  remain  in  an  oxidized  condition.  This  also  proved 
impracticable,  in  part  on  account  of  the  highly  divided  con- 
dition of  the  reduced  nickel. 

Newprocew.  Finally,  M.  Gamier  made  experiments,  and  this  time  suc- 
cessfully, in  the  direct  reduction  of  the  ores  in  such  a  man- 
ner as  to  produce  a  pig-iron  containing  large  quantities  of 

FcoTo-niokeL  nickcl — a  metal  which  may  be  called  ferro-nidkel.  This 
process  is  carried  out  in  a  cupola  furnace  of  about  four  me- 
ters in  height,  with  cold  blast  at  low  pressure.  CTndex  these 
conditions,  and  with  the  proper  smelting  mixture,  only  a 
portion  of  the  iron  is  reduced ;  the  remainder  goes  into  the 
slags,  unaccompanied  by  nickel,  and  of  course  greatly  in- 
creases its  fusibility.  When,  as  is  sometimes  the  case,  the 
ore  contains  only  a  small  amount  of  iron,  an  addition  of 
some  ferruginous  mineral  must  be  made.  The  following  are 
««3okeu*°''*'  analyses  of  some  of  the  ferro-nickels  produced  from  an  ore 

containing  about  equal  quantities  of  iron  and  nickel : 

Iton 46.55  41.30  38.70 

Nickel 50.91  54.25  59.09 

Carbon 3.04  4.46  2.30 

A  complete  analysis  gave : 

I  Nickel 60.90 

I  Iron 33.35 

I  Silicon 0.85 

\  Carbon 3.90 

i  99.00 

As  might  be  expected,  the  double  carbide  of  iron  and 
nickel  is  more  Aisible  than  the  carbide  of  either  metal  by 
itself, 
c^raoter  of     Ferro-uickel  possesses  great  malleability,  is  easily  worked 
under  the  file,  takes  a  high  polish,  and  shows  a  fine  grained 
or  foliating  fracture.    A  large  proportion  of  the  nickel  em- 
its use.  ployed  is  used  in  the  manufacture  of  German  silver  and 
other  alloys  of  copper  and  nickel,  bearing  in  trade  a  variety 
wwa^^^^' ^^  ^3™®s,  such  as  argentan,  alfenide,  etc.    German-silver 

founders  prefer  to  purchase  their  nickel  already  alloyed 
with  a  certain  amount  of  copper.    To  satisfy  this  demand 
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FRAKCB. 


Beflning. 


the  ferro-nickel  is  refined  in  a  reverberatory  fomace  in  the 

presence  of  copper,  which,  x)erhaps,  also  tends  to  preserve  JVw  oaXsdorUa. 

the  nickel  from  oxidation.    The  refining  of  the  ferro-nickel   Feno-nickei. 

proceeds  similarly  to  that  of  pig-iron,  silicon  oxidizing  first 

of  all,  and  the  oxidation  of  the  carbon  soon  manifesting 

itself  by  the  boiling  of  the  liquid  mass  and  the  ejection  of 

o.arbonic  oxide. 

Oxide  of  manganese  and  other  substances  of  a  similar 
tendency  are  added  to  hasten  the  o:!^dation,  and,  when  nec- 
essary, silicious  fluxes  to  take  up  the  oxide  of  iron  formed. 
The  character  of  the  residual  alloy  is  determined  from  time 
to  time  by  testing  samples,  and  when  the  desired  point  is 
reached  the  metal  is  cast.  If  pure  nickel  instead  of  an 
alloy  is  desired,  the  process  is  similar,  except  in  regard  to 
the  addition  of  copper. 

M.  Gamier  is  now  engaged  in  the  attempt  to  produce  Prodaotion 
technically  useful  alloys  of  iron  and  nickel.  The  somewhat  niokeiaUoys. 
cliscordant  results  which  chemists  and  metallurgists  have 
hitherto  attained  in  experiments  on  this  subject  M.  Gar- 
iiier  ascribes  to  the  great  sensitiveness  of  nickel  to  the  pres- 
ence of  a  variety  of  foreign  substances.  The  study  of  the 
e£fect  of  impurities  upon  the  metal  will  no  doubt  lead  to  a 
knowledge  of  the  processes  necessary  to  eliminate  them« 
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GBKAT  BBITAPr.  GREAT   BRITAIN. 

THE  BRITISH  EXHIBIT. 

^  The  period     The  period  which  has  elapsed  siuce  the  American  Exhibi- 
Yorabie  for  im-  tion  bas  Bot  bccn  a  favorable  one  for  the  introdaction  of 

proTementB     in  ....  j.»»-  .    %i         »     ■% 

mining  and  met-  cra-markiBg  improvements  m  mining  or  metallurgical  opera- 
"*^*  tioBS.     The  prolonged  depression  of  business,  the  often 

short-sighted  discontent  of  the  laboring  classes,  and  the 
pressure  of  foreign  competition  have  forced  those  inter- 
ested in  such  undertakings  rather  to  endeavor  by  strict  at- 
tention to  economy  in  detail  to  keep  already  invested  capi- 
tal intact  than  to  embark  in  new  schemes.  While,  there- 
fore, the  British  exhibit  had  much  to  offer  which  was  of 
importance  to  professional  engineers,  there  was  little  within 
the  scope  of  this  report  to  excite  unprofessional  attention. 
Many  exhibits  in  Glass  43  were,  as  it  seemed,  unnecessarily 
uninteresting.  An  array  of  samples  of  metal,  grouped  un- 
der the  name  of  the  manufacturers,  showing  fractures,  or 
twisted  to  show  toughness,  is  not  indeed  without  its  value; 
but  it  is  certainly  desirable  that  something  more  should  be 
shown — samples  of  the  metal  in  different  stages  of  prepara- 
tion and  manufacture,  models  and  drawings  of  apparatus. 

Good  modncteand  the  like.    Exhibitors  interrogated  on  this  point  some- 
exhibited  bntjhe  ..  ..^-^  *       U  i.  X    X       , 

means  withheld,  timcs  auswcr :  <<  We  come  to  show  our  wares,  not  to  teach 

others  how  to  compete  with  us."  But  an  international  ex- 
hibition is  not  simply  a  gigantic  advertising  establishment; 
and  even  from  the  merely  commercial  point  of  view  greater 
liberality  in  this  direction  is  desirable  than  was  shown  by 
English  exhibitors.  It  would  be  a  strange  mine  that  could 
show  no  fine  samples  of  ore,  a  remarkable  metal  works 
which  was  unable  to  produce  some  bars  it  was  not  ashamed 
to  exhibit.  But  those  who  have  orders  to  give  desire  some- 
vaiue  of  to^r^  thing  morc  than  this.  They  want  evidences  that  they  can 
atation  obtained,  ^^p^jj J  ^^  receiving  Uniformly  good  value.    More  ample 

exhibits  tend  strongly  in  this  direction.    Nor  is  the  reputa- 
tion of  any  establishment  so  high  that  it  cannot  be  raise<l. 
To  go  outside  of  the  rango  of  this  report  for  an  illustration, 
workB?'^*  **®®^  the  Creusot steel  works  has  long  enjoyed  a  liigh  reputation; 

its  exhibit  in  Paris  was  hardly  characterized  by  novelty, 
but  the  effect  of  the  admirable  workmanship  shown,  com- 
bined with  that  of  the  models  and  drawings  of  apparatus, 
194 
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mills,  dwellings  for  workmen,  schools,  etc.,  was  such  as  qi»AT  bbitain. 
iHTobably  to  raise  the  works  in  the  estimation  of  every  vis-     creiuot  Bteei 
itor  to  its  display,  which  was  as  crowded  as  the  fine  arts 
department.    The  fear  of  assisting  comx>etitors,  too,  is  quite 
illusory.    The  history  of  modem  technology  teaches  nothing 
more  certainly  than  that  the  interchange  of  information  is 
a  mntnal  benefit.    Mr.  Bell  is  not  less  successful  as  an  iron-  j^^^  Lowthiaa 
roaster  because,  at  the  cost  of  immense  labor  and  expense, 
he  has  taught  the  world  so  much  about  iron-smelting;  and 
he  would  be  the  first  to  acknowledge  the  assistance  he  has 
received  from  others. 
In  view  of  the  absence  of  novelties  of  such  a  character  .3^1™-*S: 

tnor  propoees  to 

that  their  description  does  not  seem  more  in  place  in  a  tech-  ^™^®^J^  *§5^ 
nical  journal  than  in  a  government  report,  it  appears  to  meBrit&ixL 
that  the  purposes  of  this  publication,  so  far  as  Great  Brit- 
ain  is  concerned,  will  best  be  fulfilled  by  presenting  a  sketch 
of  the  recent  growth  and  present  condition  of  the  mineral 
industry  of  that  country.  Information  on  this  subject  is 
constantly  published,  but  commonly  in  so  fragmentary  a 
form  that  few  of  those  most  interested  have  leisure  to  piece 
the  scraps  into  any  consistent  shape,  important  though  it 
certainly  is  for  each  man  engaged  in  mining  or  metal  work- 
ing to  acquaint  himself  with  the  dangers  to  which  the  in- 
dustry- has  been  exposed,  the  tendencies  it  has  exhibited, 
and,  as  ifar  as  may  be,  with  the  probabilities  it  offers.  The 
following  pages  make  no  pretense  of  ofiering  more  than  a 
sketch  of  the  subject,  although  the  labor  of  producing  them 
is  scarcely  measured  by  their  number. 

Statistical  review  of  the  mineral  industry  of  the  United  King-     statistical  iw. 
dom  for  the  years  1860, 1865,  1870,  and  each  year  since.      Jjdu»toyo?Great 

Britain. 

One  of  the  most  important  of  the  questions  which  are 
suggested  by  an  international  exhibition  is:  ''Where  do 
the  ores,  metals,  and  coal  come  from,  and  where  do  they  go 
tot"  An  answer  to  this  question,  so  far  as  the  Suited ^« ^^^^^^^JJI^ 
Kingdom  is  concerned,  goes  very  far  towards  forming  a  <>'  ^the  mineral 
reply  to  the  inquiry  in  its  most  general  form,  and  cannot 
fail  to  he  of  interest  and  value  to  those  who  have  to  do  with 
the  products  of  mineral  industries,  whether  as  producers, 
consumers,  or  traders.  Mining  and  metallurgical  industries 
are,  like  others,  very  sensitive  to  disturbances  arising  from 
temporary  causes,  and  a  statement  of  their  condition  at  any 
one  period  of  time  may  consequently  prove  misleading.  A 
systematic  statement  for  a  series  of  years,  on  the  other 
hand,  will  exhibit  the  effects  .of  temporary  conditions,  with- 
out obscuring  the  tendencies  of  the  time,  and  assist  the 
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"gbratbhitaci.  judgment  in  estimating  the  probabilities  for  the  fnture.    lu 

the  following  pages  I  have  endeavored  to  give,  in  the  most 
condensed  form,  a  review  of  the  mining  industry  and  com- 
merce of  Great  Britain  for  the  years  1860, 1865, 1870,  and 
each  year  since,  drawing  the  material  for  my  data  mainly 
R.  Hunt,  "Min-  from  the  yearly  memoirs  of  Mr.  R.  Hunt,  entitled  ^'  Mineral 

••'&^oS2J'\^  of  the  United  Kingdom,"  and  from  "The  Econo- 

mist," 

The  market  price  of  commodities  regulates  both  the  con< 
sumption  and  the  production ,  for  the  price  determines  the  con- 
ditions under  which  profit  is  possible,  either  to  the  consumer 
or  the  producer.  Ko  discussion  of  the  mineral  industry  is, 
therefore,  of  much  value  in  which  this  all-important  factor 
England  the  is  lost  Sight  of.     England,  moreover,  is  the  great  metal 

^ofthe  wOTiT  market  of  the  world,  and  English  prices  of  metals  control 

those  obtainable  at  all  commercial  centers.    The  prices  in 

London  are  consequently  of  great  general  importance,  and 

Table  I  (page  ^rc  givcn  for  the  series  of  years  under  discussion  in  Table 

^^London  prices  I*    ^  chaugc  in  priccs  indicates,  of  course,  a  change  in  the 

of  metals.  rclatious  of  supply  and  demand,  but  no  invariable  inference 

is  to  be  drawn  from  it  as  to  the  prosperity  of  the  industry 
productively  concerned.    The  price  of  a  metal  may  fall  in 

Causes  of  fluctu-  cousequencc  of  improvements  in  processes,  such  as  followed 

atioiis  ID  orices  * 

the  inventions  of  Bessemer  and  Siemens  in  steel  making. 
Steel  used  tocostinEngland from $200 to$300perton,  accord- 
ing to  quality,  when  nearly  all  of  this  metal  was  produced 
cessS^*^*^  '*"*'  by  the  blister-steel  process,  followed  by  remelting  in  cruci- 
bles ;  but  steel  rails  were  sold  in  November,  1878,  at  less  than 
£7  ($34)  per  ton,  delivered.    Discoveries  of  new  sources  of 
Now  sources  of  supply,  such  as  the  Australian  tin  fields,  may  also  bring 
Bupp  y  down  the  price.    The  market,  however,  may  also  decline  in 

Distuibances  couscquence  of  disturbances  in  consumption,  and  a  decrease 
and  gcne^^pros^  of  general  prosperity,  as  has  lately  been  the  case.  On  tJie 
perity.  other  hand,  a  rise  in  price  may  originate  in  a  diminishing  sup- 

DiminishiDgply,  as  has  been  the  case  at  times  with  tin  and  graphite, 
^"'^bw  appucaor  in  new  applications  (nickel  plating),  or  in  a  sudden 
increase  of  consumption,  based  rather  upon  hope   than 
upon  that  normal  development  of  civilization  with  which 
the  mining  industry  might  keep  pace.    Iron  of  an  ordinary 
Ordinary  iron  quality  is  the  metal  most  affected  by  the  inflation  or  depres- 

t-hemostfluctnat-    .«  ^   j.»  j.  *        v^  -^j.  ii 

ing  in  price.       siou  of  spcculativc  enterprise,  because  it  enters  more  largely 

than  other  metals  into  the  construction  of  railways,  steam- 
ships, and  the  like.  Cleveland  pig  iron  at  the  works  was 
worth,  in  1871,  £2  9«.  6d.  ($12.03).  In  February-,  1873,  it 
rose  to  £6  Is.  6d.  ($31).    At  the  close  of  the  year  1877  it 
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was  worth  only  £2  4«.  6d.  ($10.81),  and  it  has  recently  been  qmat  Britain 
quoted  at  considerably  below  £2.    Lead,  in  the  mean  time, 
has  varied  less  than  30  per  cent,  of  its  lowest  value. 

The  tendency  of  the  prices  of  metals  and  minerals  it  is 
scarcely  possible  to  discuss  from  a  general  point  of  view 
with  profit,  because  the  price  is  dependent  upon  so  many 
factors;  among  others,  the  prosperity  of  one  branch  of  min- 
eral industry,  viz,  gold  mining.    The  more  largely  the  cost  ^uSfiSSf i^  voufo 
of  manipulation  enters  into  the  value  of  a  metal,  the  greater  of  mhicraia. 
will  be  the  downward  tendency  of  the  price,  because  "im- 
proved" processes  means  "chieaper"  processes.    Contrast 
with  the  variation  in  the  price  of  steel  mentioned  above  that 
of  coal,  which  was  cheaper  in  1860  than  in  1878,  the  increased   CoaL 
depth  of  the  pitsand  the  higher  wages  having  more  than  offset 
the  improvements  in  coal-cutting  machinery,  etc.    It  cannot 
be  doubted  that  in  the  care  of  copper,  too,  the  development   copper. 
of  the  extraction  of  metal  from  "burnt  pyrites"  has  had 
a  considerable  effect  upon  the  price.    The  fluctuations  in  the 
price  of  silver  have  been  voluminously  discussed  of  late,    suver. 
The  broad  facts  of  the  case  seem  to  be  that,  in  view  of  the  im- 
mense production,  it  became  manifestly  impossible  to  main- 
tain a  definite  relation  of  value  between  the  precious  met- 
als; that  thereupon  gold  was  adopted  as  a  standard  by 
Gennany  and  the  United  States,  and  the  coinage  of  sil-  8^^255'"***^^® 
ver  limited  by  the  Latin  Union.    The  abandonment  in  so 
great  a  measure  of  the  principal  use  of  silver,  together  with 
new  discoveries,  depressed  the  market  violently,  and  would 
have  done  so  still  more  had  not  the  absorption  of  silver  in  ti^^u*^."^ 
the  East  increased.    It  is  significant  of  the  fact  that  silver 
has  depreciated  instead  of  gold  appreciating,  as  some  have 
maintained,  that  the  East  has  absorbed  silver  in  direct  ratio 
to  the  depredation,  as  might  have  been  the  case  with  any 
other  commodity.    Silver,  as  is  well  known,  is  circulated 
in  the  East  in  great  part  not  by  count,  but  by  weight  and 
fineness,  like  other  merchandise.    While  all  the  metals  are   Y^th  cheaper 

'  meuuB       wages 

at  lower  rates  than  in  1860,  wages  have  not  receded  to  old  have  not  reoeded 

'  to  old  standard. 

Standards  in  Oreat  Britain. 

Wages  of  average  miners  in  SootloHd,  Miners'  wages 

in  Scotland,  18S«- 

1R77 

"Economist,"  March  9, 1878. 

1858 3  0 

1868 3  9 

1873 8  6 

1877 4  3 
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QBBAT  BRTTAni.  Thls  is  111  poTt  attributable  to  the  higher  price  of  ihe 
necessaries  of  life,*  brought  from  constantly  increasing  distan- 
ces, and  in  part  to  the  difficulty  the  workmen  experience  in 
returning  to  the  more  penurious  habits  of  their  predecesors. 

gjTabi©  I  (page     Table  I  shows  the  average  price  of  common  metals  and 

fm^toi?  ^^*^*  ^^  ^^^  ^^  England  for  the  series  of  years  under  discussion, 
the  same  being  obtained  from  the  average  price  of  each 
^  Table  n  (p^e  work.     In  Table  II  the  same  prices  are  converted  into 
^Londra^l^oes  American  money.    In  these  tables  the  miner  or  metal  mer- 
noney.  chaut  wUl  read  a  record  of  technical  improvements,  dis- 

coveries of  ores,  political  convulsions,  legislative  experi- 
ments, of  wild  hopes  and  desperate  panic,  such  as  could  in 
no  other  way  be  set  before  him  in  the  same  space.  Causes 
for  some  of  the  fluctuations  have  already  been  indicated, 
and  reasons  for  others  may  appear  later. 
gjTabiem (page  Table  III  exhibits  the  quantities  of  the  several  metals  and 
Production  of  minerals  produced  in  Great  Britain  for  each  year.     The 

minerals  in  Great  '^  ^ 

Bxitain.  amount  of  copper  produced  from  British  ores,  it  will  be  seen, 

eoppfflr!**'*"**  *°  ^s  decidedly  decreasing.  Tin,  while  it  has  undergone  some- 
what violent  fluctuations  in  quantity,  maintains  itself  tol- 
aiWOT  etSiJ'nl^^  erably,  in  spite  of  the  great  reduction  in  price  since  the 
opening  of  the  Australian  mines.  The  quantity  of  lead  pro- 
duced in  the  years  1860,  1872,  and  1877  differs  but  Uttle. 
Silver  follows  lead  very  closely,  as  would  be  expected,  since 
the  silver  extracted  in  Great  Britain  from  native  ores  is 
almost  exclusively  obtained  from  lead. 

The  same  quantities  of  different  metals  correspond  to 
very  different  quantities  of  ore ;  the  relations,  however,  are 
so  nearly  constant  that  it  would  he  scarcely  worth  while 
to  give  the  variations  from  year  to  year.  Mining  men  may, 
nevertheless,  be  interested  in  knowing  approximately  the 
relations  prevailing  at  British  mines. 

Metallic  contents  of  British  ores,  t 


Belation  of 
qnantitiea  of 
Bietal  to  oie. 


In  the  year. 
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1870. 
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*  From  1845-'50  (6  years),  wheat  averaged  630.  a  quarter,  and  beef  of 
inferior  quality  was  4^  to  4)d.  per  lb.  In  1877  wheat  was  57«.,  and  beef 
5^to6fil.    Ibid. 

t ''  Mineral  Statistics,"  in  part  by  calculation. 
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The  rise  in  the  percentage  of  metal  in  the  "  black  tin  "  is  qmat  bbitak. 
no  doubt  due  to  increased  care  in  the  concentration  so  im-   CanaeB  of  flac- 

tnatiouB  in   pro- 

portant  with  tin-stone.    The  zinc  ore  is  almost  exclusively  ciuction  uf  metai 
"  black  jack.^    The  diminished  percentage  of  the  iron  ore  is  tity  of^re.  *^^"" 
due  to  the  increase  of  the  proportion  of  British  iron  pro- 
duced from  the  argillaceous  carbonate  of  the  Middlesboroagh   The  Cleveland 
district,  which  is  low  in  grade.*    In  1870  the  North  Biding 
of  Yorkshire  and  the  county  Durham  produced  26£  per 
cent,  of  the  total  iron  smelted  in  the  United  Edngdom.    In 
1875  this  district  produced  nearly  32  per  cent. 

Table  III  gives  the  metals  produced  from  British  ores  ex-  ^  Table  m  (page 
dusively,  except  in  the  case  of  iron,  the  figures  for  which  in- ' 
dude  the  pig  produced  from  imported  iron  ores  and  "  pur-    Prodnction  of 

native    minerals 

pie"  ores,  the  residue  of  the  pyrites-bumiog  process.  pIus  imported 
The  quantity  of  imported  iron  ore  will  ai>pear  later.  It 
amounts  to  less  than  10  per  cent,  of  the  ore  smelted.  As 
the  residue  of  the  pyrites-buniiDg  after  extraction  of  cop- 
per is  used  as  an  ore,  both  in  the  blast  furnace  and  as 
^^  fettling,"  its  composition  may,  perhaps,  be  more  appro- 
priately given  here  than  later.  Mr.  F.  Claudet  found  in 
"purple  ore" — 

Ferric  oxide 96. 00=67  per  cent.  iron.     Compoeition  of 

Lead(a.fHilphato) 76  oSilSSrfTr: 

Copper 20  litesbnmJn^ 

Solphar 36 

Lime 40 

Insoluble 2.11 

PbosphoniB none 

Sod» 10 

Total 99.92 

The  amount  of  iron  produced  in  1877  was  within  about  2    Comperison  of 

^     » ^%  .  t      .*        .     w ^-«.     ^  «         .  production    and 

per  ceut.  of  the  maximum  production  m  1872.  Taken  in  con-  prices  of  inm  in 
Dection  with  the  table  of  prices,  this  fact  affords  a  remarka- 
ble example  of  the  extent  to  which  the  consumption  of  a 
metal  can  be  stimulated  by  reduction  in  price.    The  year 
1877  was  assuredly  not  marked  by  enterpris.*,  especially  of 
the  character  which  signalized  the  period  of  inflation,  and 
yet  nearly  as  much  irou  was  consumed.    It  would  be  inter- 
esting  to  trace  the  details  of  this  consumption  were  this  the 
place  for  it.    The  production  of  zinc  hns  increased  greatly,   increaaed  pro- 
and  was  scarcely  checked  by  the  panic  of  1873.    The  same  s^t,  ^d  ciay.  ^' 
remark  applies  to  salt  and  clay,  especially  the  latter,  which 
is  about  six  times  what  it  was  in  1860     The  qaantity  of 
pyrites  mined  has  fallen  off,  but  the  decrease  has  been  far 

*  Tj^^ml  Cleveland  iron  «tone  contains  90  per  cent.  iron.    See  Bell, 
"Chemical  Phenomena  of  Iron  bmclting/'  p.  4. 
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QBBATBBiTAiK.  01016  thaii  ooiDpeiisated  by  increased  importation.    The  out- 

inunense  ont-  put  of  coal  is  astounding  and  highly  indicative  particularly 

pa  0  CO  .        ^jien  it  is  remembered  that  as  improvements  in  the  economy 

of  fiiel  are  constantly  being  made,  the  effective  application 

of  heat  increases  in  a  still  greater  ratio  than  the  quantity  of 

coal  mined.    According  to  Siemens,  the  annnal  improve- 

vaiuoofaimiMain^nt  in  the  economy  of  fuel  is  equivalent  to  about  4  per 

^?hSdso?«joS?  cent,  of  the  consumption.    At  present  about  90 per  cent,  of 

omizing  ftx«i.      ^jj^  ftj^i  jg  ineflfectually  consumed  or  wasted.    The  output  of 

coal  was  diminished  by  the  panic  only  for  a  single  year,  and 

in  1877  was  about  7,600,000  tons  greater  than  in  1873. 

Table  IV  (page     Table  lY,  the  value  of  the  metals  and  minerals  produced 

^T^taueofamiiuain  the  United  Kingdom,  is  compiled  from  the  yearly  issues 

53^?2i'' In  the  of  the  «  Mineral  Statistics."  It  is  difficult  to  understand  pre- 

TJnitedKingdom.  ^|gg|y  j^^^  ^yie  itcms  have  been  estimated.    The  value  of 

any  metal  produced  in  any  year  would  seem  to  be  the  quan- 
tity produced  multiplied  by  the  market  price,  and  this  view 
is  borne  out  by  many  phrases  in  the  ^^  Mineral  Statistics," 
and  by  the  coincidence  of  the  values  there  assigned,  in  a 
large  proportion  of  cases,  with  the  values  arrived  at  by  the 
method  of  calculation  indicated.  In  a  large  number  of  cases, 
however,  the  values  given  differ  from  the  product  of  the 
amount  produced  into  the  market  price.    Thus,  while  the 
DiacTODaocies  valuc  of  the  pig-irou  produced  in  1870  and  1871  is  the  same 
Buitaofthe  price  which  results  from  multiplying  the  total  product  by  the 
^e  £atement^f  average  market  price  of  Cleveland  pig  at  the  Tyne  or  Tees 
V  ueo  p    uct.  ^^^  ^^^^  ^^  these  years,  the  value  of  the  pig-iron  produced 

in  1873  corresponds  to  an  average  value  per  ton  of  only 
£2 158.,  which  is  £1 15«.  below  the  lowest  price  paid  in  En- 
gland for  the  cheapest  iron  in  the  district  where  it  was  pro- 
duced in  that  year,  and  £3  below  the  average  price  of  the  same 
iron.  In  reply  to  an  inquiry,  Mr.  Hunt  writes :  "  I  must  beg 
you  to  observe  that  the  mean  price  of  Cleveland  pig,  which 
you  quote,  is  from  the  ^Market  Prices  of  Pig-iron,'  whereas, 
the  value  given  in  the  introduction  is  an  estimate  of  the 
value  at  the  place  of  production,  determined  by  private  in- 
quiry.'' But  as  the  market  prices  are  given  "at  works,"  or 
for  the  immediate  neighborhood  of  the  works,  this  explana- 
tion does  not  appear  to  me  entirely  satisfactory.  It  is  im- 
possible to  suppose,  in  view  of  the  phraseology  and  of  many 
explanations  in  the  "  Mineral  Statistics,"  that  by  "value"  is 
meant  "cost  of  production."* 

*In  the  '^Mineral  Statistics''  for  1670  Mr.  Hontsaysof  theprodnctof 
pig-iron,  ^^This  quantity ,  estimated  at  the  mean  average  price  at  the 
place  of  production,  would  have  a  valne  of"  so  and  so,  which  value  is 
adopted  in  the  general  summary  and  corresponds  to  the  market  price 
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For  the  years  1872-1876,  both  inclusive,  the  value  of  pig-  t»«AT  mgTAnr. 
iron  is  imiformly  estimated  at  a  price  below  the  average 
price  of  Cleveland  pig.  The  values  of  the  other  metals  and 
minerals  correspond  more  closely  with  the  market  prices, 
though  some  not  inconsiderable  variations  are  observable. 
Thus,  the  value  of  the  copper  product  for  1870  answers  to  a  ^^^  ^S^SKS?^^ 
price  per  ton  which  is  over  £4  higher  than  the  average  price 
of  best  selected  copper  for  that  year.  Of  course  the  sums 
total  are  proportionately  affected.  That  for  1870  contains 
a  further  error,  and  should,  apparently,  read  £47,946,300. 
The  price  of  coal  is  assumed  at  &om  &8.  to  7s.  6d. 

Importatioijj  exportationj  and  ooTisumpUan  of  metals  «*wlexw»SSM?^- 

mineraU.  ^SS^ 

The  United  Kingdom  neither  supplies  its  own  smelters 
with  all  the  ores  they  require  nor  its  native  consumers  with 
the  needful  quantity  of  every  metal.  Great  Britain,  more- 
over, exports  enormous  quantities  of  metals  and  minerals  to 
other  countries.  The  importation,  exportation,  and  con- 
sumption of  the  products  of  mining  industry  are  so  closely 
connected  that  it  seems  best  to  discuss  them  together  and 
metal  by  metal,  reserving  for  the  present  the  subject  of  the 
sources  of  supply  and  the  distribution  of  the  material 
handled.  The  necessary  fstcts  for  this  discussion  are  not,  in 
all  cases,  directly  obtainable.  Estimates,  however,  where 
unavoidable,  have  been  made  on  assumptions  which  will  be 
explained  as  the  cases  arise,  and  which  it  is  hoped  will  ap- 
prove themselves  to  the  judgment  of  the  reader. 

The  '* consumption"  of  the  metals  and  minerals  is  as-     }f^^  o'  «^- 

mftUng  oonsamp- 

sumed,  for  the  purposes  of  this  paper,  to  be  the  amount  re-  tion: 
tained  in  the  country  each  year.    The  quantity  retained  is 
found  by  adding  the  importation  to  the  production  and  sub-  ^JJJ5^  ^ 
tracting  the  exportation.    Of  course  it  is  not  true  that  the™p«f«ti<»  »?*■ 

,       .  .  -  -  .  una  the  exporto- 

amount  retamed  each  year  is  consumed  in  that  year.    A  tion. 

portion  is,  no  doubt,  usually  stored,  either  for  future  use  or 

exportation.    For  a  series  of  years,  however,  it  must  be 

true  that  what  is  retained  is  consumed,  and  no  other  method 

of  ascertaining  the  yearly  consumption  presents  itself.  The 

merely  general  correctness  of  the  method  will  explain  some 

of  the  fluctuations  which  will  here  and  there  be  noticed. 

Doubtless  many  men  of  long  experience  in  metallic  com-  ^.piSS!^"*  ^ 

merce  will  recognize  in  some  of  these  fluctuations  periods  JjJ^*®    •*^" 

when  stock  was  allowed  to  accumulate  on  account  of  the 

and  YoJ  ue.  The  same  remark  and  treatment  ia  repeated  in  1871.  After 
this  djte  I  find  no  explanation  of  the  method  of  arriying  at  the  "  valne  " 
given  in  the  summary. 
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oBgATBHiTAnf.  unremuperative  conditioD  of  tbe  market,  or  when  the  state 
of  affairs  seemed  to  justify  tbe  policy  of  ^^ holding  for  a 
rise."  It  is,  however,  foreign  to  the  purposes  of  this  paper 
to  enter  into  any  description  of  these  exciting  phases  of  the 

Imports  in  both  jijgtory  of  couunerce.    The  metal  imported  into  Great  Brit- 

the  ore  and  mo-  •^  *^ 

taUiofoivM.       ain  is  partly  in  metallic  form  and  partly  in  the  ore.    In 

most  cases  the  metallic  contents  of  the  imported  ores  is  not 
published,  but  simply  the  quantity  of  ore,  or  its  quantity 
and  value.    For  the  object  of  this  discussion,  however,  it  is 
essential  to  have  an  estimate  of  the  quantity  of  metal  con* 
tained  in  imported  ore.    Where  the  value  of  this  ore  is 
Mode  of  eeti-  kuowu  I  havc  supposcd  the  relation  of  its  metallic  contents 
BMtaiEiimport^  to  its  valuc  to  be  the  same  as  in  the  case  of  ores  of  British 
^"^  production.    A  rule-of<three  calculation  thus  gives  the  de- 

sired datum.    This  is  not  strictiy  accurate,  because  in  many 
cases  an  extra  prioe  is  paid  for  the  superior  quality  or  pur- 
ity of  foreign  ores.    The  influence  of  this  disturbing  factor 
must,  however,  be  very  small.    In  the  comparatively  few 
cases  where  only  the  weight  of  the  imported  ores  is  known, 
I  have  been  obliged  to  assume  their  metallic  contents  to  be 
near  about,  but  a  little  higher,  than  that  of  British  ores  ex- 
importation.  tracted  in  tbe  same  year.    The  importation  of  metal,  the 
oo^ampUon*^r  metallic  contents  of  imported  ore  as  estimated,  the  expor- 
minoraia.  tatiou,  and  the  quantity  retained  in  the  country  are  given 

^•bie  V  (page  j.^j.  ^^^  ^^^^  ^^^  mineral  in  Table  V. 

2Vn.  ^^- — ^The  world's  production  and  consumption  of  tin 

have  greatly  increased  within  the  period  of  time  under  dis- 

Bmitonini865.cu8sion.  The  output  of  Billiton  first  amounted  to  1,000 
^^  tons  in  1865,  and  the  Australian  mines  only  became  impor- 

'  tant  in  1873.  The  consumption  (for  example,  in  the  form  of 
^<tin  "  plate  in  the  canning  of  food)  has  grown  proportion- 
ately, notwithstanding  the  various  devices,  to  which  the 
great  fluctuations  in  the  price  of  this  metal  have  given  rise, 

ChMptfaipiate.for  making  a  pound  of  tin  cover  a  greater  and  greater  sur- 
face of  iron.  Except  in  the  years  1873  and  1874,  after  the 
opening  of  the  mines  in  Australia  and  before  the  erection 
of  smelting  works  there,  the  amount  of  tin  ore  imported 
into  Oreat  Britain  has  been  small.  In  the  mineral  statistics 
for  1860  and  1865  only  the  quantity  of  imported  ore  is  given. 
The  metallic  contents  are  taken  at 64  and  65  percent ;  that  of 
British  ore  being  somewhat  less.  For  the  remaining  years 
the  contents  are  calculated  from  the  value.  The  latter  method 
would  also  lead  to  the  conclusion  that  the  ore  contained 
about  65  per  cent  of  tin,  so  that  there  can  be  no  consider- 

Ltfge  export*-  able  crror  in  the  estimate.  The  exportation  of  tin  is  very 
**°"'  large  for  the  years  1874, 1876,  and  1877,  larger  than  the  pro- 
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ilnctiou  from  homo  resources.    The  cousamption  has  ex-  GBKATPmrAiir. 
ccedeil  the  producdou  ever  siuce  1870,  and  Great  Britain,    Tin. 
which  used  to  supply  the  world  with  tin,  is  now  unable  to  ^^^^^^  ®^' 
meet  her  own  demands,  so  much  have  these  increased. 

Copper. — As  is  well  known,  immense  quantities  both  of   <^opp^* 
metallic  copper  and  of  copper  ores  are  imported  into  Great 
Dvitaiu.    In  18G0  the  amount  of  this  metal  produced  in  the  ^^^^^^^ti^ 
kiu^dom  was  Kli[jfhtly  in  excess  of  the  metallic  copper  im-  S^rtedoappSn 
liorted.    With  the  exception  of  the  year  1872,  when  the 
amount  was  exceptionally  great,  the  importation  increased 
steadily  ux>  to  1875,  the  home  production  decreasing  the 
while  to  such  a  degree  that  in  the  last-mentioned  year  it 
was  only  slightly  more  than  one-tenth  of  the  importation. 
If  the  mines  have  retrograded,  the  smelting  works  have 
none  the  less  flourished  to  such  an  extent  that  the  metal 
produced  from  foreign  ore  treated  in  Great  Britain  in  1877 
was  twelve  times  as  great  in  quantity  as  that  extracted 
firom  native  ores.*    The  larger  part  of  the  50,000  tons,  or  so, 
thus  separated  is  reduced  from  copper  ores  in  Cornwall  and 
at  Swansea.     Of  late  years,  however,  the  extraction  of^^'^^^JJ.^JgJJJ 
copper  from  "burnt  pyrites,"  containing  about  4  per  cent.^*°™*py^'**- 
of  copper,  by  art  processes  of  recent  invention  has  assumed 
great  dimensions  and  importance.    Mr.  Hunt  estimates  the 
amount  of  copper  extracted  in  this  manner  in  1876  at  15,000         Erttmated 
tons,  and  in  1877  at  17,000  tons,  and  states  that  the  esti-  ^^™ 
mates  in  former  years  have  been  too  low;  a  fact  which 
accounts  in  part,  but  not  wholly,  for  the  enormous  rise  in 
the  metallic  contents  of  imported  ore  of  late  years  according 
to  the  table.    The  "  Mineral  Statistics''  records  an  increase    . 
of  about  40,000  tons  in  the  import  of  foreign  ore  for  the   import*  of  ore. 
year  1877,  but,  unfortunately,  from  unenumerated  countries. 
The  exportation  of  copper  from  Great  Britain  is  very  large 
and  has  been  very  steady  since  1870,  averaging  about  54,000   ^ortation  or 
tons.    In  compiling  the  data  lor  the  exportation  and  for 
the  importation  a  difficulty  has  been  encountered  in  the 
fact  that,  in  several  cases,  the  value  only  of  manufactured 
copper  is  given  in  the  "  Mineral  Statistics,''    The  weight  has  ma^g  ^w^i 
been  estimated  from  the  value,  on  what  appeared  to  be  suf-fjjf"  ^  ^^^  **" 
ficient  grounds,  at  seven-eighths  of  the  value  divided  by 
the  price  of  best-selected  copper  for  the  year  in  question. 
As  the  quantities  are  small,  from  a  few  tons  to  a  few  hun- 
dred tons,  any  slight  error  in  this  rule  will  affect  the  result 
but  little.    A  small  amount  of  ore  and  foreign  regulus  is 

*  The  metal  reduced  firom  foreign  ores  and  regulus  is  given  in  the 
''Mineral  Statistics "  for  each  year  except  1865.  For  that  year  I  have 
estimated  it  by  the  rules  presently  to  be  mentioned. 
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GBHATBRiTAiy.  sometJmes  exported  from  Great  Britain.    I  have  taken  the 
Copper.  metallic  contents  of  such  ore  at  16§  per  cent.*  and  that  of 

the  regains  at  25  per  cent.  The  foreign  rcguioH  seems  to 
have  contained  considerably  less  than  25  per  cent,  in  the 
earlier  portion  of  the  series  of  years  and  considerably  more 
towards  its  close.  The  quantity  of  copper  retained  for  con- 
sumption in  Great  Britain  is,  according  to  the  table,  very 
tuSSoM  In  con^  irregular.  The  high  price  and  active  foreign  demand  in  1871 
^ption,  price,  explaius  the  small  amount  retained  during  that  3'ear,  and  the 

impetus  given  to  manufacturing  and  short  stocks  account 
for  the  large  figure  for  1872.  As  residual  quantities,  the 
figures  for  consumption  are  most  affected  by  the  known 
inaccuracy  of  the  returns  of  copper  extracted  from  pyrites 
previous  to  1876. 
amonnujf  MppOT  -^®  ^^*  Huut  himsclf  draws  attention  to  the  erroneously 
Jgj^^^^^py*  small  estimate  of  the  amount  of  copper  obtained  from 

pyrites,  perhaps  it  will  not  be  amiss  to  calculate  roughly 
what  the  true  values  probably  were.  According  to  Mr.  J. 
A.  Phillips  (manager  of  one  of  the  burnt- pyrites  extraction 
works  in  Widnes),  the  copper  contents  of  the  burnt  ore  from 
imported  pyrites  is  remarkably  constant,  and  is  about  4  per 
About  4  percent.,  which  is  also  the  percentage  adopted  by  Mr.  Hunt  for 
"^  ■  1876  and  1877.    The  following  table  shows  the  data  in  the 

matter  and  the  difference  in  the  copper  product  which  would 
arise  if  the  conjectural  quantities  were  adopted.  Pyrites, 
when  roasted,  leaves  about  70  per  cent,  of  "burnt  ore," 
which  (making  an  allowance  for  non-cupreous  mineral) 
agrees  well  with  the  suggested  corrections.  In  1876  some 
.  pyrites  must  have  been  unreported,  or  a  part  of  the  mineral 
richer  than  usual. 


Stotistics  of 
oopper  extracted 
from  burnt  ore. 


Copper  extracted  from  huml  ore. 


1870 
ISTl 
1872 
1873 
1874 
1875 
1876 
1877 


H 

^ 

®  a 

^% 

^  ji 

i^ 

o| 

Si 

1^ 
pi 

irper 
burnt 

1- 

1-^ 

1 

Ttmt. 

2\m*. 

Tim». 

200,000 

7,500 

8,000 

225,750 

7,000 

9.030 

253,629 

8,600 

10,141 

323, 010 

12,800 

12,056 

1820.004 

9,000 

13.160 

1 365, 308 

9.600 

14.614 

870. 260 

15,000 

15,170 

427,054 

17,000 

17.118 

8 

a 


TonM. 

500 
1,130 
1,611 

156 
4,160 
6.014 

170 

118 


*  Partial  retains  of  foreign  ores  Bold  at  Swansea  in  1865. 

tThese  are  the  values  given  under  •*P>Tite8."  Under  **Copper,"  the  "Mineral  Sta- 
tistics" gives,  for  1874,  450.000  tous.  and  for  1875, 480,000  tons;  but  these  quantities 
would  bo  over  80  per  cent,  of  the  total  import  and  home  production  of  pyrites  in  theae 
years,  whereas  pyrites  loses  30  per  cent  in  the  roasting  process. 
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The  metallic  contents  of  imported  ores  and  the  consamp-  omtAT  bbttain. 
tion  as  given  in  the  table  would  be  altered  as  follows,  by    cfopper, 
assuming  the  copper  extracted  from  <^  burnt  ore"  to  be  4  per 
cent,  of  the  quantity  of  that  substance  returned  as  <' con- 
sumed:" 


HetaUio  oontento  of  imported  ore. 
Ccmnimption 


1870. 


27,626 
12,418 


1S7L 


24,801 
7,676 


1872. 


28,843 
24|861 


1878. 


26,912 
12,276 


1874. 


82,054 
17,liN^ 


1875. 


Bevlsed  table 
of  metallic  cop- 
par  in  imported 
ores  on  a  dmIs  oi 


34.497*^^'*^*- 
28,880 


Ltad, 


The  variationB  here  are  less  abrapt  than  in  Table  Y. 

Lead. — ^The  home  production  of  lead  is  both  large  and 
steady,  and  in  1860  was  just  about  equal  to  the  home  de- 
mand.   The  quantity  of  metal  imported  was  one-third  of  the 
home  production  in  I860,  but  both  consuiuption  and  export  ,^^"5f  ^JJ^ 
trade  have  so  increased  that  in  1877  half  as  much  again  production   and 

unportsitlon. 

was  imported  as  was  produced.    The  business  of  smelting 
foreign  lead  ores  has  grown  in  a  still  greater  proportion,  the 
metal  extracted  from  them  in  1860  being  but  a  few  hundred 
tons,  while  in  1877  it  was  close  upon  10,000.    So  steady  has 
the  lead  trade  been,  that,  although  the  import  of  metallic 
lead  was  quickened  in  1872,  it  has  since  risen  to  far  higher 
figures.    The  irregularity  observable  in  the  importation  of 
lead  ore  in  the  years  1 871  and  1872  was  caused  by  shipments 
from  the  United  States,  which  sent  7,589  tons  of  ore  to  En- 
gland in  1871  and  2,709  tons  in  1872.    For  the  other  years 
under  discussion  the  importation  from  this  country  has  been 
quite  insignificant.    The  export  of  lead  in  1860  was  very^S^?'"^^; 
nearly  the  same  as  the  import.    It  has  about  doubled  since  ^^^^ 
that  time,  but  shows  considerable  irregularity,  owing  prin- 
cipally to  fluctuations  in  the  demand  from  America  and 
China.    The  consumption,  too,  has  doubled  during  the  past   increased  con- 
eighteen  years,  and  its  growth  was  scarcely  checked  by  the 
crisis  of  1873.    In  collecting  the  data  for  the  table  it  has 
been  necessary  to  assume  a  certain  percentage  of  metal  in  ing '^tc^SJJ^ 
the  lead  ore  in  order  to  reduce  the  quantities  to  comparable  JJj'^JJ^^^'jJ 
terms.    The  percentage  taken  was  75  (pure  galena  contains  **»«  *»we. 
86.6  per  cent.),  which  is  about  1  per  cent,  above  the  average 
of  British  ores.    The  few  tons  of  litharge  and  white  lead 
which  appear  here  and  there  in  the  statistics  are  taken  to- 
gether at  80  per  cent  metal.    For  the  years  1876  and  1877 
the  export  of  British  lead  only  is  reported  by  Mr.  Hunt.   In 
1874  the  export  of  foreign  lead  was  about  5,000  tons,  and 
in  1875  about  3,300  tons.  For  the  sake  of  completing  the  table 
approximately,  I  have  therefore  added  3,000  tons  to  the  ex- 
port of  British  lead  for  each  of  the  last  years  in  the  table. 
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OBBAT  BBTTABi.      Ziuo, — Llfco  Icod,  ziiic  has  been  comparatively  steady  in 
zine.  price,  production,  and  consumption.    In  both  cases  this 

steady  in  prioe,  steadiuess  is  piobably  attributable  to  the  extent  to  which 
SoDBamptioii.^  they  enter  into  the  indispensable  construction  of  buildings 
and  the  manofaotore  of  paint.  Great  Britain  possesses  but 
little  zinc  ore,  and  this  little  is  almost  exdosively  zinc  blende, 
or  ^^  black  jack,"  the  most  inferior  of  zinc  ores.  Conse- 
quently the  country  has  depended  chiefly  for  the  quantity 
of  metal  consumed  on  supplies  from  Germany,  Belgium,  and 
Britain  im-  Holland,  receiving  some  six  times  as  much  as  it  produces. 

porta    aix  tunes  -r 

the  qnantity  of  Large  quantities  of  foreign  ore  have  also  been  smelted  in 

omop  a  n.  q.^,^^^  Britain  of  late  years,  particularly  since  the  importa- 
tion of  the  carbonate  from  Sardinia  began  in  1867.  The  sup- 
ply of  foreign  ores  has  latterly  decreased.  The  exportation 
of  zinc  is  small,  about  7,000  tons,  or  slightly  more  than  tlie 
production.  The  consumption  has  risen  very  steadily  to 
Conaam  tion  ^^^^^^  what  it  was  iu  1860,  and  is  nearly  ten  times  the  pro- 

trebiedi8«o-i876.  ductiou.  The  metallic  couteuts  of  the  imported  ore  have  been 

ascertained  from  its  weight  and  value,  (m  the  supposition 
that  these  quantities  bore  the  same  relation  to  one  another 
in  the  foreign  as  in  the  British  ore. 
j^^  Iran. — For  the  sake  of  comparison  the  data  with  reference 

to  iron  are  also  introduced.   As  the  figares  for  the  prod- 
inoiuded  in  to.  ^^^  ^^  Great  Britain  include  the  pig  reduced  from  imported 

compMiaon!^*  **^ore,  it  is  not  necessary  to  consider  separately  tlie  mettd  thus 

obtained.  The  imported  ore  probably  contains  about  66|| 
per  cent,  iron,  and  includes  the  ^<  purple  ore"  from  the  burnt 
pyrites.  Wrought-iron  and  steel  are,  of  course,  not  taken 
into  account  in  the  production,  because  they  are  manufact- 
ured from  pig-iron.  In  the  exportation,  on  the  other  hand, 
both  must  be  counted,  as  they  cannot  represent  the  same 
metal.  The  iron  imported  into  England  used  to  be  exclu- 
sively of  high  quality  and  such  as  could  not  be  made  in  the 
country,  surbars  (made  from  manganiferous  ores  with  char- 
coal), Westphalian  "  spiegel,"  and  perhaps  some  other.  The 
reviews  now  complain  that  Belgium  is  sending  the  cheapest 
iron  to  England  for  building  purposes,  and  that  Westpha- 
lian steel  works  iire  underbidding  English  establishments 
in  the  home  market. 
PyriUM.  Pyrites. — The  extraction  of  sulphur  and  sulphurous  acid 

For  Boiphnrio  for  the  sulphuric  acid  manufacture  from  the  minerals  classed 

taro.    °^       under  this  name  is  said  to  have  been  suggested  only  some 

40  years  ago.  The  business  has  assumed  enormous  propor- 
tions of  late  years,  as  will  be  seen  from  the  table.  The  plan 
of  extracting  small  quantities  of  copper  from  the  residue 
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after  expnlsionof  the  45  per  cent,  or  so*  of  sulphur  contained  q«ATBBiTAiy. 
in  the  mineral  seems  to  have  been  first  carried  into  opera-   Pyr^te*' 
tion  on  a  large  scale  in  1867.    In  that  year  500  tons  of  cop- 
per is  accredited  to  this  source  in  the  "  Mineral  Statistics.''  ^^^^'^fr^'^tblf 
As  has  been  already  mentioned,  the  residue  after  the  ex-  ^<»te. 
traction  of  the  copper  is  employed  under  the  name  of  "  pur-    "Pnrpie"  or©. 
pie  ore''  in  iron-smelting.    This  is  a  proof  of  the  i>erfection 
of  the  preceding  processes,  for,  as  is  well  known,  sulphur 
and  copper  are  fatal  to  the  value  of  iron  ore  when  present  in 
more  than  exceedingly  minute  proportions.    Indeed,  the 
process  may  be  considered  as  one  of  the  most  perfect  in  the 
arts,  all  the  essential  ingredients  of  the  mineral  being  pro- 
fitably extracted  and  thoroughly  separated.    Prof.  Thomas    Prof.  t.  Thom- 
Thomson,  of  Glasgow^  a  famous  chemist  in  his  day,  is  cred- 
ited by  Muspratt  with  the  initiation  of  the  manufacture  of 
sulphuric  acid  from  pyrites  in  1835,  when  the  King  of  Sicily 
placed  a  heavy  duty  upon  exported  sulphur.    Henderson  i^^,^^!"^  * 
and  Longmaid,  English  chemists,  worked  out  the  copper  ex- 
traction process  much  later.    The  treatment  of  pyrites  is, 
therefore,  an  achievement  of  modem  science.    Both  as  an 
instance  of  the  relations  existing  between  science  and  in- 
dustry and  as  a  matter  of  growing  commercial  importance, 
it  may  be  interesting  to  dwell  for  a  moment  on  the  financial   magtration  of 
results  of  this  process,  results  which  ought  to  go  some  way  ^^^^™^5I 
towards  vindicating  the  "practical"  character  of  modem *»«■• 
scientific  teachings. 

SenUtB  of  ike  treatment  of  oupreoue  pyrites  in  1877.  The  pyrites  ta 

dxutry. 
Pyrites  imported,  679,313  tons,  yielding  45  per  cent,  sal- 

pboT,  or 305,690  tons,  eqnal  to  snlphnrio  acid  (worth  Id, 

per  lb.,  or  £9t per  ton),  917,071  tons £8,659,084 

CopxMir  extracted,  17,000  tons,  worth  at  £74  128,  6d  (price 
oftonghcake) 1,268,«J5 

Purple  ore,  smelted,  415,000  tons,  containing  65  per  cent, 
iron,  or  260,750  tons  pig,  worth  at  £2  5tf.  6d.  (price  Cleve- 
laad) 613,670 

Total 10,441,319 

150, 144, 810 

This  is  a  minimnm  estimate,  for  a  large  proportion  of  the 
small  percentage  of  silver  contained  in  the  pyrites  is  ex- 
tracted, as  well  as  some  of  the  gold,  by  M.  Olandet's  process. 

Silver. — ^The  data  relating  to  the  exportation,  importation,    saver. 

*It  hae  been  stated  nnder  ''Copper"  that  the  burnt  ore  amounts  to  about 
70  per  cent,  of  the  pyrites.  This  is  not  Inconsistent  with  the  loss  of  45 
per  cent,  of  sulphur,  because  the  sulphur  is  replaced  by  oxygen.  A 
gross  loss  of  30  per  cent,  by  weight  answers  to  a  loss  of  48  per  cent,  of 
9alphtir.    A  little  sulphur  remains  in  the  burnt  ore. 
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oHBATDRiTAiH.  gild  cousuiiiptioii  of  sllvcr  are  imperfect  and  ansatisfoctory. 

auver.  The  movements  of  this  metal  are  so  largely  contirolled  by 

the  exigencies  of  Eastern  commerce  and  by  the  financial 

era  draSS^orrii^  P^^^^  ^^  ^^^  gTcat  Commercial  countries,  that  their  discos- 
"^er.  sion  is  only  in  a  very  subordinate  degree  an  affair  apper- 

taining to  the  mineral  industry.  During  certain  years  vastly 
more  silver  has  been  exported  from  Oreat  Britain  than  has 
been  imported.  In  other  years  enormous  quantities  have 
been  retained  in  the  country.  The  facts  bearing  upon  this 
.t.^^ff^t®'  o|  point  have  been  elicited  by  the  British  and  the  American 

tho  British  and  ^  * 

American  Silver  Silvcr  Gommissious.    A  siuglc  feature  of  the  subject  ap- 

pears  to  me  to  have  received  less  attention  than  it  was 
entitled  to,  viz,  the  extent  to  which  foreign  argentiferous 
ores  are  treated  in  Great  Britain.  This  point  is  not  covered 
by  the  ^<  Mineral  Statistics,"  and  I  know  of  no  source  whence 
absolutely  tiustworthy  data  are  to  be  obtained.  In  the  ab- 
sence of  such,  I  have  prepared  a  rough  approximation,  which 
may  serve  to  give  those  interested  at  least  some  idea  of  the 
extent  to  which  silver  is  separated  in  the  United  Kingdom. 
British  Boorce     Bcsidcs  the  desilverizatiou  of  argentiferous  British  lead, 

o  me     *^"^®'*  metallic  silver  is  derived  from  the  following  sources:  The 

treatment  of  silver  ores  entered  at  the  custom  house  as 
such ;  the  desilverizatiou  of  foreign  lead  sent  to  England 
largely  for  that  purpose  ]  copper  ore  and  regulus  and  cu- 
preous pyrites. 
Foreim  oree     Considerable  quantities  of  silver  ore  are  annually  sent  to 

aio.  Britain,  mainly  to  Swansea,  and  the  declared  value  of  these 

ores  is  regularly  noted  in  the  ^^  Mineral  Statistics."   The  num- 
ber of  tons  is  also  given  up  to  the  year  1873.    The  silver 
Mode  of  eeti.  coutcuts  of  thcse  oies  are  not,  however,  Inferable  from  their 

mating  value  o^gr^gg  weight  and  value,  because  a  higher  price  per  ounce  is 
paid  for  the  silver  in  high-grade  ores  than  for  that  in  poor 
ores.  A  comparison  of  the  average  price  per  ton  with  a 
price  list  would  consequently  lead  to  too  high  a  valuation  of 
the  number  of  ounces  of  silver  imported.*  The  error  which 
would  be  incurred  by  such  a  procedure  can  be  obviated  by 
assuming  a  sufficiently  high  rate  in  calculating  the  contents 
from  the  value.  Five  pence  per  ounce  would  certainly  be  a 
small  mean  charge  for  the  separation  of  silver  from  its  ores^t 

*  The  majumnm  price  per  onnce  is  subject  to  a  deduction  which  is 
inyersely  proportional  to  the  number  of  ounces  per  ton.  Hence  the 
mean  contents  of  two  lots  correspond  to  a  lower  rate  than  is  actually 
paid.  Wore  this  relation  reversed  it  would  pay  to  mix  poor  ores  with 
rich  ones,  an  absurd  supposition. 

t  The  average  value  of  the  imported  sUver  ores  for  three  of  the  years 
under  discussion  in  which  the  tonnage  is  given  is  Just  £100. 
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jSOmt. 


SUverlnlead. 


'This  18  about  the  difference  between  the  value  of  standard  qbkat  BBirAni 
silver  and  fine  silver.  In  the  table  given  below  the  amount 
of  silver  obtained  from  silver  ores  has  been  estimated  by 
dividing  the  declared  value  of  the  silver  ores  imported  dur> 
ing  that  year  by  the  average  price  of  standard  silver  (0.925 
Ane)  for  the  same  period. 

It  may  be  assumed  that  all  the  lead  imported  into  Great 
Britain  is  desilverized  there^  because,  on  account  of  the  or- 
ganization of  industry  and  the  abundance  of  fbel,  the  sep- 
aration can  be  more  economically  effected  there  than,  for 
instance,  in  Spain  or  Greece,  the  principal  sources  of  supply. 
It  is  probably  fair  to  assume  that  the  imported  lead  con- 
tains at  least  25  ounces  of  silver  per  ton.* 

The  cupreous  pyrites  treated  in  England  contains  a  small  o^^iJ^ST^ 
quantity  of  silver  per  ton,  which  is  at  present  recovered,  at 
least  in  part,  by  Claudet^s  beautiful  proeess.  According  to 
Mr.  Phillips,  ordinary  pyrites  yields  in  this  way  0.65  ounces 
silver  per  ton.  The  process  was,  however,  only  introduced 
in  1870.  It  does  not  seem  excessive  to  allow  ^  ounce  per 
ton  since  1874  from  this  source. 

The  amount  of  silver  derived  from  copper  ores  other  than 
pyrites  I  have  no  means  of  estimating.  Only  certain  cop- 
per ores  are  apt  to  contain  silver,  but  such,  either  raw  or  in 
the  form  of  regulus,  would  naturally  be  preferred  for  ship* 
ment.  I  will  assume  it  at  12j^  ounces  per  ton  of  copper  pro- 
duced.! 


Claudet 


Silver  from 
copper  oroa. 


EtUmate  of  Hlver  produced  in  Great  Britati^  from  imported  nuiteriaUj  in    SilTerpiodiLced 

ounces.  in  Britain  tarn, 

imported    mate- 
riaU. 


1386. 

1070. 

1871 

U72 

1873 

U74. 

1875 

U7i 


•  If 


1,489,200 
1,608,000 
1,187,800 
8.784,800 
8,707,000 
4, 184, 100 
8,186,600 
3,800,800 
8,273,900 
2,468,200 


569,476 
079,275 
1, 782, 625 
2,021,750 
2,080,050 
1, 796, 100 
1, 839, 950 
2,227,725 
2,252,975 
2,602,700 


B  Pt 


249,819 
268,778 
252,876 
339,656 


|8 


171,488 
299,025 
887,818 
295,888 
271,275 
834,450 
848,675 
868,638 
452,388 
669.775 


2,280,000 
2,780,000 
8,260,000 
6,100,000 
11,010,000 
6,280,000 
6, 600, 059 
6,170,000 
6,230,00a 
6,080,000 


*  Italian  lead  averages  25  ounces,  according  to  PhUlips.  Greek  lead 
STOTftgee  in  the  neighborhood  of  20  oonces,  according  to  Percy.  Span- 
ish lead,  according  to  a  circular  of  Luce  and  Bozan,  44  ounces.  French 
lead  is  richer.    English  lead  averages  about  10  ounces. 

tCupreons  pyrites  contains  2.8  per  cent.  copi>er.     If  i  ounce  per 
ton  pyrites  is  recovered,  then  18  ounces  of  silver  are  obtained  for  each 
tOQ  of  copper  derived  from  this  source. 
14  P  B ^VOL  4 
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•HBAT  BBiTABT.  The  Items  are  given  in  the  table  as  they  result  from  cal- 
culation, but  are  to  be  viewed,  of  course,  only  as,  perhaps 
distant,  approximations.    It  is,  however,  probably  fair  t0 

i^J^^g^^say  that  the  amount  of  silver  produced  in  Great  Britain 

diver.  fij^Quj  foreign  ores  has  been,  since  1870,  excepting  in  1872, 

from  5  to  7  millions  of  ounces  yearly,  or,  say,  from  6^  to  9 

millions  of  dollars.    Sir  Hector  Hay,  in  his  tMtimony  before 

the  British  Silver  Commission,  estimated  this  quantity  at 

£1,000,000;  Mr.  E.  Seyd  at  considerably  less. 

Consiiniptioiiof    The  Consumption  of  silver  in  Great  Britain  was  estimated 

at  about  the  value  of  5^  millions  of  dollars,  but,  it  is  said, 

without  taking  into  consideration  the  quantity  separated 

either  frx)m  foreign  or  native  mateiiaL 

(^fooL  Coal — ^Bather  more  than  one-tenth  of  the  output  of  coal 

in  Great  Britain  is  exported,  and  this  relation  has  been 

pretty  constantly  observed  throughout  the  period  under 

Export  one-  discussiou.    Both  export  and  consumption  were  merely  dis- 

te^^  o  the  oat-  ^^pj^^  |jy  ^^  crisis  of  five  ycaw  back,  and  were  far  greater 

in  1877  than  in  1872-^3. 

Mr.  Hunt  has  gathered  some  exceedingly  iateresting  data 
concerning  the  uses  to  which  coal  is  put  in  Great  Britain 
for  the  years  1871-'72-'73.  The  table  for  1873  is  here  sub- 
stantially reproduced.  In  a  second  table  I  have  calculated 
the  proportion  of  fael  consumed  for  various  purposes  from 
Mr.  Hunt's  table.  It  will  be  seen  from  these  tables  that  the 
mining  industry  consumes  almost  half  of  the  coal  used  in 
England  for  industrial  purposes  and  40  per  cent,  of  the  total 
amount  burned. 

The  employ-    The  uses  far  which  the  coal  raised  in  Great  Brita^  was  employed  in  1873. 
meni  of  ooaL  Tons. 

Tin  smelting  andrefining 42, 422 

Copper  smelting  and  refining 360, 195 

Lead  and  silver  smelting  and  refining 179, 540 

Zinc  smelting  and  refining 181, 450 

Iron  smelting  and  refining 35, 119, 709 

Mines  and  collieries 9,500,000 

Total  mining  and  metallurgy 45,383,316 

Bailways 3,790,000 

Steam  navigation 3, 650, 000 

Steam  power  in  factories 27, 550, 000 

Waterworks 650,000 

Oas  mannfactnre 6, 560, 000 

Pottery,  bricks,  lime,  glass,  etc 3, 450, 000 

Cb^nical  works  and  sundry : 3,217, 229 

Household  consumption 20, 050, 000 

Exportation* 12,712,: 


Total 127,012,767 

*  The  quantity  of  coal  exported  in  1873  is  given  at  a  slightly  lowei 
figure  in  later  numbers  of  the  '^  Statistics.'' 
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Bdlatioe  CKonlitiet  qf  oool  emploffed  far  varumt  pwrpotea  ki  Oreai  Britain  obbat  biotaci. 

in  1873.  


In  mining  and  metannigical  indnstriee 

On  railirays 

In  flEteam  DATigation 

For  steam  power  in  flMStoiiea 

For  ateam  power  at  water  worka 

For  mannfacture  of  gas 

Inpotteresj  glass  works,  eto 

In  obemicai  nctoilea  and  sundry 

For  household  consomption 

Quantity  exported 


o 
A 


Pereent 

35.74 
2.08 
2.87 

2Le9 

.61 

6.17 

2.72 

2.59 

15.79 

laoo 


100.00 


8 


Ptreent. 

89.70 
3.82 
8.19 

24.10 

.67 

5.74 

8L02 

2L82 

17.54 


100.00 


II 
II 


Belative  quali- 
ties of  coal  cm- 
ployed  for  yari* 
ous  parposes. 


1 


PwcmL 

4&15 

4.02 

8.88 

29.23 

.09 

6.06 

8.66 

8.41 


100.60 


What  the  relative  proportions  in  other  countries  are  it  ^^*iJf*^JS 
might  be  difficult  to  ascertain,  but  it  is  probably  safe  to  say  J^p^^J®^  ^^' 
that  fully  one-third  of  all  the  coal  raised  is  consumed  in 
mining  and  smelting  operations.  The  economy  of  fuel  in 
iron-smelting  has  of  late  years  made  considerable  advances 
under  the  stimulus  of  high  prices  of  coal  and  low  prices  for 
iron.  In  1870,  Mr.  Hunt  ascertained  the  consumption  of 
coal  per  ton  of  pig-iron  to  be  three  tons.  In  1877  the  con- 
sumption in  the  manufacture  of  pig  had  fallen  to  2^  tons. 
The  manner  in  which  this  economy  has  been  effected,  the 
more  judicious  dimensions  selected  for  blast  furnaces,  the 
improved  hot-blast  stoves,  and  the  general  study  into  the 
science  of  iron-smelting  under  the  efficient  leadership  of  Mr. 
Bell  will  doubtless  be  discussed  in  the  special  report  on  iron 
and  steel. 

Foreign  sources  of  supply  and  points  of  destination  of  ores  and  i^^^^^VSlna^ 

metals  handled  in  Great  Britain.  tion  of  ores  and 

metaia 

England  carries  on  not  only  a  larger  but  a  much  more  ex- 
tended trade  in  metals  and  ores  than  any  other  country. 
In  1877  foreign  ores  were  imported  at  62  ports  in  the  United 
Kingdom,  and  it  would  be  difficult  to  find  a  mining  <listrict^^j.j^^J»e^^* 
in  the  world  which  does  not  send  ore  or  metal  to  Enghuid,  merciai     inte^ 

•^  '  coarse. 

or  a  market  at  which  no  metal  is  received  from  the  United 
Eingdom.  An  exhaustive  discussion  of  this  traffic  would 
be  scarcely  possible  under  the  most  favorable  circumstances, 
and  no  attempt  will  be  made  here  to  do  more  than  give  a 
few  characteristic  data  and  to  point  out  a  few  salient  fea- 
tures of  the  subject-  The  tables  are  especially  recommended  x™p2|e7\2i^ 
to  those -who  feel  any  interest  in  the  matter,  as  small  infor-  ^^ 
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QBJAT  BBiTAiK.  matioii  shA  a  trifling  amoant  of  patience  will  serve  to  elicit 
many  interesting  facts  concerning  the  development  of  hu- 
man industry  and  the  interdependence  of  human  i>ursuits 
from  them. 

^»-  Tin. — Little  tin  ore  has  been  imported  into  England,  ex- 

cept for  a  couple  of  years  after  the  opening  of  the  Australian 

Table  VI  (page  tin  miucs.    Chili  and  Peru  send  a  small  amount  with  some 

2^  1 1 

regularity,  and  Holland  and  the  Straits  now  and  then  a  ton. 
^Sources  of  tin  xhis  Ore  is  probably  brought  to  Europe  as  ballast  by  trading 

vessels  which  have  been  cruising  among  the  islands  of  the 
Malayan  Archipelago.  The  Cape  also  sends  a  trifling  amount 
from  time  to  time.    Even  France,  Spain,  Portugal,  and  other 
countries  have  occasionally  sent  a  few  tons.  The  fact  is  that 
tin-stone,  like  cinnabar,  is  not  a  very  rare  mineral,  though 
there  are  but  few  localities  where  it  occurs  in  paying  quan- 
tities.   It  may  be  a  surprise  to  some  to  see  that  Australia 
sent  tin-stone  in  relatively  considerable  quantities  to  England 
long  before  the  mines  which  have  grown  so  important  were 
discovered.    The  contents  of  the  ore  recorded  in  the  table 
may  probably  be  taken  at  about  70  per  cent,  metallic  tin. 
Australia  The  principal  foreign  sources  of  metallic  tin  are  Australia 
m!>nt8  theprinoi*  and  the  Straits,  tin  from  the  Dutch  Indies  going  principally 
ISiiottttf'^  ™^to  Continental  markets.    It  is  interesting  to  observe  from 

the  table  how  rapidly  the  Australians  mastered  the  business 
of  tin-smelting,  the  exports  of  ore  having  fallen  within  a 
couple  of  years  of  the  great  discoveries  to  a  lower  point 
than  that  at  which  they  were  before,  and  the  amount  of 
metal  sent  ^^home"  having  more  than  proportionately  in- 
creased. The  imports  of  tin  from  Australia  are  given  as 
per  parliamentary  returns.  In  later  volumes  of  the  ^^  Sta- 
tistics," however,  Mr.  Hunt  appears  to  adopt  figures  at  first 
given  as  unofScial,  and  which  are  as  follows : 

TODB. 

LnportBof  Aoa.  1872 150 

trallantiiL  jg^g 2  jj9q 

1874 5.800 

1875 7,210 

The  imports  from  the  Straits  show  a  rapid  increase.   This 

tin  appears  to  be  smelted  by  natives  and  Chinese  on  the 

Malayan  Peninsula,  from  stream  tin,  in  rude  hearths,  but  the 

writer  has  been  unable  to  find  any  statement  of  the  condi- 

Faiiinprioeandtions.    The  principal  cousumcrs  of  tin  are,  as  might  have 

c^uinpttoS^"*been  expected,  France,  Gtermany,  and  the  Unit^ed  States, 

and  the  consumption  has  grown  enormously  with  the  fall  of 
price.  Germany  produces  some  tin  for  home  consumption, 
and,  of  course,  Dutch  tin  is  consumed  more  or  less  in  all 
countries. 
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It  will  be  observed  that  the  table  contains  no  data  for  qbbat  behapi. 
1876  and  1877,  and  the  same  will  be  found  to  be  the  case  for 
several  of  the  succeeding  tables  as  well.  For  these  years  svn. 
neither  the  "Mineral  Statistics"  nor  the  "Economist  gives 
sufficiently  detailed  accounts  of  the  imports  and  exports  to 
make  the  compilation  of  the  data  possible,  a  fact  which  I 
greatly  regret. 

Copper. — ^By  no  means  all  of  the  sources  of  supply  are    oopptr. 
given  in  the  table,  many  other  countries  sending  small  lots        ^w®  ^^^ 
of  ore  and  metal;  nor  are  the  copper  contents  of  cupreous 
pyrites  taken  into  account    Chili,  Australia,  and  the  Cape   Somcesof  cop- 
of  Good  Hope  are  the  principal  countries  from  which  Great  wL"*    copper 
Britain  imports  copper  and  its  ores,  and  of  these  Chili  is 
much  the  most  important    It  will  be  noticed  with  interest       increaso  lu 

AuAtnuian     and 

that  both  Australia  and  Chili  are  every  year  sending  a  chuian  imports 
greater  proportion  of  metallic  copper,  and  a  smaller  one  of  per. 
ore,  indicating  the  advance  of  the  metallurgical  industries 
of  those  countries.     The  Cape,  on  the  other  hand,  while 
sending  far  more  ore  to  England  than  any  other  country 
except  Chili,  Sv'^nds  no  metallic  copper  and  only  an  insignifi- 
cant quantity  of  rogulus.    The  metallic  contents  of  the  ore 
and  regnlus  are  higher  than  formerly,  apparently  because 
most  of  the  regnlus  now  imported  is  concentrated  at  the 
mines.    The  average  copper  contents  of  ore  and  regains  ^J^cre^rich^ 
together  were  18  per  cent  in  1873,  in  which  year  about  one-  imports 
third  of  the  total  importation  was  regnlus,  while  in  1877, 
less  than  one-fourth  of  the  total  being  regnlus,  the  average 
copper  contents  were  about  24  ]>er  cent 

All  the  principal  countries  of  Europe  and  British  India  ^SwSomBnfr 
are  large  consumers  of  copper  irom  England,  though  several  ^»^^ 
of  them  are  large  producers.  The  United  States,  on  the 
other  hand,  has  bought  only  insignificant  amounts  of  this 
metal  from  England,  except  in  the  years  of  inflation,  nor 
does  this  country  send  any  noticeable  quantity  of  ore  or 
metal  to  England,  although  Lake  Superior  copper  has  the 
preference  for  telegraphic  purposes. 

Lead. — Comparatively  little  lead  ore  is  imported  into  En-«  LtaA, 
gland,andthatchieflyfromItaly,whileSpainsendsenormous       Table  vin 
and  increasing  quantities  of  the  metal.    Greece  sent  large  ^^**  ^^' 
amounts  of  metal  for  a  time,  but  the  import  from  that  country    sonices  of  lead 

&3id  le&d  ore. 

fell  off  suddenly  in  1874.  Much  the  most  imjK)rtant  customer 

of  the  English  lead  merchants  is  China,  which  in  1877  took    China  the  prfn. 

_  '  clpal     customer 

about  as  much  as  all  the  other  principal  countries  together,  of  England. 
Prance,  Germany,  Eussia,  and  the  United  States  are  of 
course  large  producers  of  lead.    The  quantity  bought  by 
the  United  States  has  fluctuated  greatly,  though  on  the 
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QBHAT  BBETAiy.  yhole  it  hss  dediiiecl  since  1870,  when  it  was  nearly  13,000 
Ltad.  tons.    In  1875  we  boaght  of  England  only  485  tons,  Imt  Uie 

importation  had  risen  again  in  1877  to  nearly  3,000  tons. 
The  figures  for  exportation  are  the  corrected  values  given  in 
the  <^  Mineral  Statistics"  for  years  subseqaent  to  those  to 
which  the  numbers  refer.  I  am  inclined  to  the  opinion  that  for 
the  years  1876  and  1877  only  the  British  lead  is  reported,  al- 
though no  statement  to  that  efiect  is  made.  The  exporta- 
tion of  foreign  lead  is  small,  being  less  than  10  per  cent  of 
the  whole  in  1875.  Bussia  in  that  year  took  the  largest 
proportion  of  foreign  lead,  abontone-eighth  to  seven-eighths 
of  British  production. 
xine.  Zinc. — ^Large  quantities  of  zinc  ore  of  foreign  production 

TabiBix  page  qj^  smelted  at  Swansea.    They  come  chiefly  firom  Spain  and 
siianiab  and  Sardinia,  especially  the  latter,  and  are  mainly  carbonate. 
sardmiADoreB.    fj^^  importation  of  zinc  ore  from  Sardinia  began  in  1807, 

and  was  over  30,000  tons  in  1870,  but  little  more  than  half 
this  quantity  in  1875,  and  still  smaller  since,  for  in  1876  the 
total  quantity  of  zinc  ore  imported  fell  short  of  12,000  tons. 
In  1877  the  total  import  rose  again  to  over  19,000  tons.  The 
imports  of  ore  from  other  countries  are  insignificant.  The 
metallic  contents  of  the  imported  ore,  as  calculated  from  its 
value,  are  in  the  neighborhood  of  40  per  cent.  Pure  carbon- 
ate contains  52  per  cent.* 

i>f  BSffian*and     ^Ig^^i^^  ^^^  Silesia  are  the  two  most  important  zinc-pro- 
siio^ian  inetaUio  duciug  districts  iu  Europc,  and  from  them  England  imports 

the  greatest  quantity  of  crude  and  manufactured  (mostly 
rolled)  metal.  England  also  imports  much  zinc  from  Hol- 
land, a  country  which  produces  none.  I  have  failed  to  dis- 
cover how  this  happens. 

Great  Britain  exports  insignificant  quantities  of  zinc,  ex- 
cept to  its  own  possessions  in  India. 
ir<m.  Iron. — 'So  suflicient  data  for  ascertaining  the  distribution 

of  iron  exported  from  England  have  been  found. 

Ptfritu.  Pyrites. — Spain,  Portugal,  and  Norway  furnish  essentially 

Table  X  (page  all  the  pyrites  imported  into  England.    In  the  beginidng  of 

^'  the  period  under  discussion  Portugal  was  the  main  source 

of  supply,  but  the  Spanish  mines  have  been  developed  with 

great  steadiness  and  rapidity,  and  in  1876  furnished  more 

than  four-fifths  of  the  total  supply. 

Ooai.  Coal, — Excepting  Belgium,  all  the  principal  countries  of 

^^bieXKpftgojjm^p^  are  large  consumers  of  British  coal,  France  and 

*  The  zinc  contents  of  Sardinian  ore  probably  faU  a  little  short  of 
40  per  cont.^  a  higher  price  being  paid  for  the  superior  quality  of  the 
ore.  According  to  a  statement  of  Mr.  Vivian  to  Mr.  J.  A.  PhiUipSy  the 
Sardinian  product  averages  about  33  per  cent. 
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GermaDy  leading.    The  large  amoant  taken  by  Chili  is  no  qmat  britaix. 
doabt  sent  out,  with  manofactored  goods,  in  ships  which    coai 
come  home  loaded  with  copx>er,  etc.    The  coal  sent  to  the 
United  States  is  probably  for  gas-making  purposes.    The  B^^S^*^Jrt  ^ 
high  prices  of  1873  checked  the  exportation  to  most  coun- 
tries, but  the  general  tendency  is  to  a  decided  increase; 
Germany,  however,  has  never  since  imported  so  much  coal 
from  England  as  in  1871,  while  France  takes  about  half  as 
mach  again  as  at  that  period.    British  India  affords  a  large 
and  constantly  increasing  market  for  English  coal,  notwith 
fifandfng  the  immense  distance. 
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OBEAT  BBTTAPr.  Table  lX.—Zino:  PHncipal  sowroes  of  supply  and  paints  of  desfinaUon  of 
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F^rUm. 
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England, 


trmted  in 


SooTcea  of  sup- 
)y*  Coontriea. 


§paln 
ortngal.. 
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1865. 


Tofu. 
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1870. 


Tom. 
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Tom. 
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Tom. 
257,429 
180,829 

71,665 
5^682 


1878. 
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Goal. 

Points  of  desti- 
nstton  of  exports. 


IV. 

AUOTEAUA.  AUSTEALIA. 

THE  AUSTRALIAN   EXHIBIT. 

Four  colonies  The  Australian  colonics  represented  at  the  Exposition, 
viz,  Queensland,  ]^ew  South  Wales,  Victoria,  and  South 
Australia,  made  a  fine  exhibit  of  ores  and  metals  and  of 
photographs  of  localities  and  mining  operations.  Mining 
appliances  were,  unfortunately,  absent,  but  on  the  other 
hand  descriptive  and  statistical  information  were  freely  dis- 
tributed. 

After  all,  an  exhibit  of  ores  and  products  serves  as  little 

more  than  an  illuigtrated  index  to  the  mineral  industry  of  i\ 

A  CO  lection  of  country.    For  any  comprehensive  view  of  the  subject  one 

ores  and  products  ,  m       t_  j.  *    j.    ^     *    e  j.- 

roust  be  supple-  must  uecessarily  have   recourse  to   printed   information, 

mented  by  statis-     i_.i  ^i.«^-i         j."l»i 

ties.  whether  statistit*.al  or  technical. 

An  attempt  will  be  made  in  the  following  pages  to  pre- 
sent such  a  sketch  of  the  mining  industries  of  the  great 
southern  continent  as  it  is  supposed  will  be  welcome  to 
Americans,  not  altogether  neglecting  applied  science  nor 
omitting  to  trace  the  developments  and  achievements  of  the 
Extraordinary  purcly  Commercial  side  of  mining.    The  astonishing  variety 
dan^^rAustm'  and  abuudancc  of  the  mineral  resources  of  Austi  alasia,  and 
SouTcS?**     ^  more  particularly  of  New  South  Wales,  and,  as  it  seems,  of 

the  islands  of  New  Zealand,  where  development  has  scarcely 
yet  begun,  make  them  an  interesting  subject  for  the  tech- 
nologist and  an  important  one  to  those  who  '^  go  down  to 
the  sea  in  ships." 
An  extensive  but  somewhat  desultory  literature  of  the 
Tbe  sources  of  Australian  mineral  resources  exists.    The  writer  has  availed 
fonnation.         himsclf,  iu  addition  to  the  catalogues,  essays,  and  pam- 
phlets distributed  at  Paris,  of  a  variety  of  works  and  scattered 
memoirs,  and  would  gladly  have  extended  his  inquiries  to 
many  publications  not  within  reach.    It  is  not  too  much  to 
hope  that  one  result  of  the  approaching  International  Ex- 
The  approach-  hibitiou  iu  Australia  will  be  a  wider  dissemination  in  Amer- 
imomationa?^^  ica  of  the  Valuable  documents  in  the  publication  of  which 

the  colonial  governments  have  shown  a  most  intelligent  rtv 
gard  for  technology  and  science. 

It  has  been  the  writer's  intention  to  accredit  all  informa- 
tion to  the  proper  sources. 


MINING  INDUSTRIES:    COMMISSIONER   HAGUE.  227 

The  mineral  resources  of  AvLstralia.  aubtbaua. 

It»  mintral  r» 

So  little  attention  is,  in  general,  devoted  to  Australia,  the  *o"''«»- 
character  of  the  country,  and  its  resources,  that  a  few  words 
of  general  description  may  not  inappropriately  precede  an 
account  of  its  mineral  industry. 

Australia  has  an  area  of  3,000,000  square  miles,  or  approxi- , -^rea  of  aii«- 

''*'  ,     ,.        tnllia  about  tho 

mately  the  same  as  that  of  the  United  States,  excluding  some    m    tb© 

.,,  ««...  -r..,  ..  .   .         ,  ,  United      Stateii, 

Alaska.    The  interior  of  the  continent  is  a  desert,  and  one-  Aiasitaexcimiwi. 
third  of  it  is  practically  unexplored.    Leaving  out  of  con-  terfor. 
sideration  the  comparatively  insignificant  colony  of  West 
Australia,  the  interest  concentrates  upon  four  colonies  in  the 
eastern  and  southeastern  portion  of  the  territory.    The  east-      The  eMtcm 
em  side  of  the  continent  is  occupied  by  Queensland,  New  ^^  ^  ^' 
South  Wales,  and  Yictoria.    Queensland  is  the  most  north- 
erly and  the  largest  of  the  colonies ;  Victoria  the  southern- 
most, smallest,  and  most  populous.    On  the  south  shore  and  and  theeouthern. 
immediately  west  of  New  South  Wales  and  Victoria  lies 
South  Australia.    The  four  colonies  offer  a  continuous  coast, 
occupying  perhaps  three-eighths  of  the  circumference  of  tho 
continent.    The  settlements  cover  a  strip  of  country  extend-  Settiementeand 
ing  two  or  three  hundred  miles  inland,  and  amounting  to  ^^ 
perhaps  one-fifth  of  the  area  of  Australia.    The  population 
of  these  four  colonies  exceeds  1,600,000. 
The  physical  character  of  Eastern  Australia  is  remarkably    Physical  cuar- 

,  1  II        -WTT      A  .  ...  A     .    -I  "        ncter  of  Eastern 

regular  and  resembles  Western  America  m  its  most  stnkmg  Australia  simibiT 
features,  essentially  as  it  differs  from  the  Pacific  coast  in  a  coast  ^of  xorrii 
geological  aspect. 

From  one  end  to  the  other  of  the  e^ast  side  runs  a  chain 
of  Cordilleras  parallel  to  the  coast.  The  main  ranges  are  at  Thecoastrongc, 
an  average  distance  of  not  more  than  100  miles  inland,  and 
their  average  elevation  is  not  over  1,500  feet,  although  peaks 
in  the  southern  portion  rise  to  7,000  feet.  Subordinate  par- 
allel ranges  and  divergent  spurs  occupy  a  tract  of  country  and  divergent 
extending  some  hundreds  of  miles  from  the  coast,  and  the 
main  range  turns  westward  for  some  400  miles  at  its  south- 
em  extremity,  still  following  the  shore  line.  It  is  almost  a 
matter  of  course  that  the  line  of  the  great  cordillera  should 
experience  local  deflections  from  its  general  direction,  and 
these  deviations  would  not  be  referred  to  but  for  the  extra- 
ordinary' fact  that  strike  of  the  slates  and  other  older  sedi-  upheaval  of  the 

.  .,,,,.,.,.  .   older      sedimen- 

mentary  strata  upheaved  along  this  chain  preserves  a  men-  tary  strata. 
dianal  course  irrespective  of  the  mountain  formation.    The 
strike  of  the  slates  consequently  crosses  the  westerly  branch 
in  which  the  cordillera  terminates  at  its  southern  extremity 
:it  right  angles,  and  crosses  more  northerly  bends  in  the  chain 
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AUSTRALIA,     ft^  ED  aDglc  cqiial  to  their  deviation  from  the  meridian ;  and 
Tu  mineral  re- so  strictlv  Uniform  is  this  line  of  fracture  that  bewildered 

travelers  m  the  mountains  refer  to  the  slates  to  regain  their 

bearings. 
Comparison  of     It  was  ouce  suDDOsed  that  the  geology  of  Australia  ami 

AuBtralian     and  ^*  **  **' 

tho  Pacific  coast  the  Pacific  coast  were  nearly  allied,  and  analogies  there  un- 
questionably are ;  but  these  tend  rather  to  prove  the  preva- 
lence of  similar  phj'sical  and  chemical  conditions  in  various 
Indications  ofgeological  cras  than  the  coeval  development  of  the  mineral 
andcbenncaioo^.  rcsources  of  the  two  most  important  gold-bearing  regions  of 
ferent  geological  the  world.    In  fact,  80  far  as  the  formations  found  in  the  two 
*^™"'  localities  are  concerned,  they  may  be  said  to  be  almost  anti- 

thetical, in  some  respects  much  to  the  advantage  of  Aus- 
tralia. 
Rocks  spec-     In  Westcm   Australia  xVr(;haBan  granites  are  largely  de- 
wosteraf  AufltiS  veloped,  while  the  Silurian  is  represented  only  by  occasional 

patches.    The  Tertiary  is  well  developed  in  Western  Austra- 

Abseuceofcor-  lia  and  aloug  the  southern  coast  into  Victoria.    On  the  east- 

tho*ca«tom^oal°ern  coast,  with  its  Cordillera,  however,  it  is  doubtful  whether 

""^*  any  Azoic  rocks  have  been  found,  the  crystalline  schist,  etc., 

being  referred  to  the  lower  Silurian.    Paleozoic  rocks  are 
very  highly  dev^eloped,  as  are  also  the  Mesozoic,  while  ex- 
cept at  its  northern  and  southern  extremities  the  great  mount- 
ain belt  of  Eastern  Australia  lacks  the  Tertiary. 
The  eastern     The  eastcm  cordillcra  of  Australia  is  then  a  mountain 
range  which  has  been  upheaved  in  Paleozoic  and  Mesozoic 
Its  upbcavai,  formatious.    The  disruption  has  been  accompanied  by  out- 
xiisruption.otc.    |J^pg|.g  ^f  igncous  rocks,  apparently  of  many  different  ages; 

and  this  action  has  been  accompanied  by  more  or  less  meta- 
morphosis or  transmutation. 
These  are  plainly  geological  conditions  likely  to  be  accom- 
va«t  oro  de-  pauicd  by  ore  deposits,  and  such  there  are  in  wonderful  va- 
Sf  250 ^'by*  1,700  rietj',  covcring  a  belt  coincident   with  that  of  the  settle- 
°*  *  *  meiits,  two  or  three  hundred  miles  wide  and  1,700  miles  long. 

There  is  a  second  belt  of  mineral  deposits  in  South  Aus- 
tralia, where  there  exists  a  comparatively  small  range  of 
mountains,  also  running  north  and  south,  at  a  distance  of 
some  700  miles  west  of  the  more  important  chain.  The  pre- 
dominant ores  in  the  South  Australian  chain  are  those  of 
PaniUpi  ore  coppcr,  and  in  their  parallelism  and  difference  of  mineraliza- 

belt     of     Suutb    .  '  .  _  _  ,  _  . 

Australia,         tiou  wc  rccognizc  ail  analogy  to  the  successive  ore-bearmg 
a^of  Now  Zea.  belts  of  the  rcgiou  of  the  Pacific.    New  Zealand  may  be  re- 
garded as  a  second  parallel  mineral  belt. 
Uneqaaied  va-     The  Variety  of  Valuable  minerals  met  with  in  the  Austra- 

t-:etv  of  valaabh  - .  ,  ,    ,    .  .,  .       i.      , 

minerals  liau  coast  raugcs  18  uucqualed  in  any  other  part  of  the 

worid.    Gold,  copper,  tin,  and  coal  are  indeed  the  principal 
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mineral  prodacts,  but  several  others  are  of  no  trifling  commer-     aubtbalia. 
cialimportance^  as  bog-head  mineralor  "  kerosene shale,^ iron,    it*  muerai  re- 
lead,  and  silver  and  antimony,  while  diamonds  and  a  variety 
of  other  goms  and  quicksilver  have  been  sought  for  with 
some  success. 

The  importance  of  the  rainfall  to  mining  interests,  ^^i^^i^'^^^fl^in^JiS 
more  particularly  to  gold  mining,  is  well  known  wherever  fining  intereate. 
this  industry  is  pursued.    In  Eastern  Australia  the  rainfall 
is  much  as  might  be  anticipated  from  the  general  physical 
features.    On  the  coast  the  yearly  rains  amount  to,  say,  from 
20  to  50  inches.    The  quantity  diminishes  toward  the  inte- 
rior, and  on  the  western  slope  of  the  cordillera  some  places 
escape  rain  altogether.    In  California  the  placer  mines  are     Aiutniia  and 
on  the  wet  side  of  the  enormous  range  of  the  Sierra  Kevada,       ^^ 
which  serves  as  a  reservoir  for  a  large  fall  of  rain  and  slowly 
melting  snow.    In  Australia  the  comparatively  small  range 
of  mountains  and  the  distribution  of  deposits  is  against  the 
miner,  who  is  often  compelled  to  contend  with  lack  of  watei*. 

A  comprehensive  idea  of  the  mineral  industry  of  Austra-       The  colonial 

division    of   the 

lia  IS  less  common  than  it  would  be  but  for  the  political  con-  ooontryas  affect- 

stitution  of  the  country.    The  four  colonies  have  no  politi-  o^  ^pt^hiu- 

cal  connection,  nor  is  there  any  co-operation  in  the  matter  tiJtics.    °^  '^ 

of  surveys,  mineral  statistics,  and  the  like.    Hence  data 

must  be  sought  independently  for  the  mining  districts  of 

each  colony,  although  no  natural  division  exists  between 

them.    It  will  be  the  object  of  the  following  remarks  to  trace 

briefly  the  past  history  and  present  condition  of  each  of  the 

more  important  mining  industries,  independently  of  poUti- 

cal  divisions. 

Gold. — It  was  of  course  the  secondary  stream  or  placer  de-    &oid. 
posits  of  gold  which  first  attracted  attention.    It  was  for-  posul  t^o  ^t^to 
merly  supposed  that  these  gravel  deposits  containing  water- *""^*****°****°' 
worn  gold  were  of  recent  origin.   It  has  been  shown,  however, 
that  the  period  of  their  formation  extends  back  into  the 
Paleozoic  eras.    Mr.  C.  S.  Wilkinson  writes  as  follows:  cs^wukinson. 
''  North  of  Gulgong,  at  Tallawaug,  the  coal  measures  cover 
a  large  area  of  country ;  their  lowest  beds  have  been  found 
to  be  payably  auriferous.    •    •    •    The  gold  is  coarse  in 
size,  remarkably  scaly,  and  water- worn.    •    •    •    These 
alluvial  deposits  are  of  four  periods,  Pliocene,  Upper  Plio-    The  poiiuds  of 
cene,  Pleistocene,  and  Recent ;  and  now  we  can  add  another —  po^itl.  ^  ^     ^ 
the  Carboniferous — the  oldest  formation  as  yet  discovered 
containing  drifted  or  water-worn  gold."    Rev.  W.  B.  Clarke  ^    Rov.  w.  b. 
had  previously  discovered  minute  quantities  of  gold  in  car-  ' 
boniferous  conglomerate.    As  in  California,  the  auriferous 
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AusTiiAUA.     gravels  are  not  infrequently  covered  with  beds  of  volcanic 

It9  mineral  re-  rOCk. 
tourcee. 

Gold.  Gold  is  also  found  in  place,  and  a  very  large  proportion  of 

the  metal  now  yearly  extracted  is  obtained  from  veins.  For 
a  time  it  was  maintained  that  these  veins  were  remunera- 
tive (the  Australians  use  the  somewhat  ambiguous  expres- 
Hion  '<  payable")  only  in  certain  formations,  and  that  deep 
mining  must  necessarily  be  unprofitable.  It  has  been  con- 
clusively shown,  however,  that  while  the  majority  of  paying 
Gold  ill  veins,  vcius  are  found  in  certain  formations^  rich  veins  also  occur 
in  others,  and  that  there  is  no  tendency  of  veins  otherwise 
favorably  placed  to  give  out  in  depth. 

The  typical  habitus  of  gold  in  place  in  Australia  is  in 

quartz  veins,  and  in  the  southern  portion  of  the  gold  belt 

The  oripin  of  (Victoria)  the  gold  is  chiefly  derived  from  veins  or  "  reefs  "  in 

the  go    n  ictc  ^^^  Lowcr  Siluriau,  without  being  confined  to  this  formation. 

In  the  central  portion  of  the  chain  of  the  Cordilleras,  gold 
inQuoensiand;    IS  more  generally  distributed,  and  in  Queensland  ^mica< 
cious  diorite,  serpentine,  pyritous  felstone,  and  compact 
quadzite  are  gangues  in  many  localities,  to  the  total  exclu- 
sion of  quartz."    Gold  in  sitttj  however,  is  not  confined  to 
veins.    It  is  also  met  with  in  igneous  rocks  and  sedimentary 
iu  Now  South  strata.  Mr.  Clarke  says:*  '' Much  of  the  gold  in  N"ew  South 
WBiesi  Wales  is  derived  from  iron  pyrites  in  granite,  and  in  beds  of 

in  Now  Zealand,  scdimcutary  origiu.    •    •    •    In  New  Zealand  gold  some- 
times occurs  so  mixed  with  silloious  particles  as  to  consti- 
tute with  them  a  gold  sandstone."    Elsewhere  t  he  says  of 
Queensland:  *'  Oftentimes,  where  there  is  no  reef  or  vein  of 
any  kind,  the  whole  mass  of  the  rock  is  charged  with  gold.** 
Mr.  Wilkinson  states,!  as  a  remarkable  fact,  long  since 
pointed  out  by  Mr.  Clarke,  that  the  hornblendic  granites  of 
New  South  Wales  are  auriferous.    In  all  the  gold  fields  re- 
cently examined  Mr.  Wilkinson  has  noticed  that  hornblendic 
granites  and  intrusive  diorite  are  the  original  sources  from 
The  origin  of  ^hich  the  gold  iu  the  gravel  deposits  has  been  derived. 
Iiep5a/u!°  *^^^^  Crold,  moreover,  seems  to  accompany  iron  pyrites  every- 
where in  ancient  and  recent  formations.    To  leave  out  less 
extraordinary  occurrences,  Mr.  Clarke  speaks  of  the  dis- 
FouDd  in  coaL  covcry  of  a  lump  of  gold  in  a  lump  of  coal ;  and  Mr.  B.  B. 
R.B.  Smyth.     Smyth  mentions  §  that  the  pyrites  from  an  old  tree  trunk 
was  examined,  the  yield  of  which  was  at  the  rate  of  over  30 
dwt.  per  ton. 


*  Mines  and  Mineral  StaHsHcs  of  Neio  South  Wales,  p.  153. 
t  Progress  of  Gold  Discovery  in  Australasia  from  1860  to  1871. 
%  Annual  Report  of  Department  of  MineSy  N,  S.  W.,  1875. 
$  Gold  FieUh  and  Mineral  Districts  of  Victoria,  p.  261. 
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The  physical  structore  and  the  lithological  character  of    aubtbaua. 
the  sorrounding  rocks  both  affect  the  yield  of  quartz  veins    it$  mineral  re- 
in  Australia.    Mr.  H.  A.  Thompson,  a  well-known  mining    Gold. 
engineer,  has  observed*  that  only  partially  decomposed  son.'         ^°'^'' 
granites  and  diorites  carry  gold-bearing  veins,  and  that  if 
the  decomposition  of  the  adjacent  rocks  penetrates  only  to 
a  small  depth  the  quartz  veins  cease  or  become  barren. 
Veins,  too,  crossing  planes  of  bedding  or  stratification,  or    stmoturo  and 
at  the  contact  between  unconformable  beds,  are  richer  than  a^acent    rocks 
others.    In  short,  the  conditions  for  infiltration  must  exist,  yield.  ^^^  °^ 
It  is  a  mistake  to  suppose  that  highly  altered  strata  are  in- 
dispensable to  paying  quartz,  many  of  the  best  veins  being 
in  unaltered,  soft  Silurian  beds.    The  influence  of  intrusive 
hornblende  granite  and  diorite  is  marked,  veins  which  ai*e 
very  rich  so  long  as  they  are  in  these  rocks  losing  their 
gold  contents  on  passing  into  adjacent  schists.    The  best 
veins  are  laminated  in  structure,  and  carry  large  quantities 
of  sulphurets. 

Australian  gold  is,  on  the  whole,  finer  than  Oaliforuian.     Reiativo  flue 

uess  of  AuBtra- 

Mr.  J.  G.  Booth,  of  the  United  States  Mint,  states  t  that  the  lum  and  caiifor 
average  fineness  of  California  gold,  derived  from  assays  of  j  (,  3^^^ 
several  hundred  million  dollars'  worth,  is  0.880.  In  Vic- 
toria, which  has  been  the  most  productive  of  the  colonies, 
the  value  of  the  gold  product  is  officially  estimated  at  £4 
per  ounce,  which  corresponds  to  a  fineness  of  0.942,  nearly. 
From  the  data  given  in  Mines  and  Mineral  Statistics  of  New 
South  Wales  for  the  product  of  that  colony  up  to  the  end  of 
1874, 1  find  the  average  there  0.876.  Indeed,  Mr.  Clarke 
and  others  have  long  ago  drawn  attention  to  the  remarka- 
ble fact  that  the  fineness  of  Australian  gold  diminishes  from  ^    ^  Austraihi 

the  flneness  di- 

the  south  noith wards,  and  Dr.  Hector  has  shown  that  the  minishee     tnmi 

,  .-.'_,_  tho  BOiith  north 

same  law  prevails  m  New  Zealand.  ward. 

Dr  Elector 

Public  ncognition  of  the  auriferous  character  of  Austra-    .^ '    ,     ',„ 

*^  Delay  in  public 

lia  was  curiously  delayed.}     Count  Strzelecki  discovered  aniiounc«ment  of 

gold  in  Australia  in  1839,  but  was  restrained  from  publish-  i>a. 

ing  the  statement  on  account  of  the  danger  of  its  producing  lecki,  isou. 

insubordination  in  the  penal  settlements.    In  1841  Rev.  W.  qiJ^^^q^^-  " 

B.  Clarke  rediscovered  it,  but  the  governor  of  New  South 

Wales  induced  him  to  refrain  from  mentioning  it  on  account 

of  the  prejudicial  effect  it  might  have  on  the  colony.    In 

1844  Murchison  pronounced  it  likely  that  Australia  would    k-  J.  Murcw. 

be  found  to  be  a  gold-bearing  country.    Oold  nuggets  of. 

small  size  were  sometimes  found  by  shepherds,  and  not  only 

«  Gold  Fields  and  Mineral  DiatHots  of  Victoria,  p.  240 

t  Dana's  Mineralogy,  p.  5. 

t  Bee  Gold  and  Silver,  by  Mr.  J.  A.  Phillips. 
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AUOTiuuA.     brought  to  the  settlements,  and  even  exhibited  there,  bat 
lu  mineral  re- ^ent  to  England.    Yet  it  was  not  until  a  returned  Galifor* 

ioureee. 

Gold.  uian  miner,  Mr.  E.  H.  Hargreaves,  set  to  work  at  Ballarat*, 

f^KAYeb.  that  the  auriferous  character  of  the  country  was  realized. 

Attention  once  aroused,  the  discoveries  of  alluvial  ^^  dig- 
gings "  multiplied  with  great  rapidity,  and  such  were  soon 
discovered  from  one  end  of  the  cordillera  to  the  other. 
Quartz  veins  were  also  soon  discovered,  and,  as  in  Califor- 
nia, an  increasing  proportion  of  the  gold  has  been  extracted 
from  this  matrix. 

di  In^t  ^^  ^°^  "^^^^  *"^*  ^^  ^^®  ^^^^  diggings  varies  fi^m  year  to  year, 
surface  deposits  being  exhausted  and  abandoned.  The  fol- 
lowing are  the  most  recent  data  accessible  as  to  the  extent 
of  ground  being  worked  in : 

Sq.  mile*. 

Victoria,  in  1876 1,134 

New  South  Wales,  in  1876 1,370 

Queensland,  in  1873 1,367 

Australia,  say 4, 000 

Tidd  of  quarts  The  yield  of  quartz  per  ton  (2,240  pounds)  varies  in  the  dif- 
ferent colonies,  and  indeed  in  inverse  ratio  to  the  fineness, 
as  might  be  supposed.  The  following  table  represents  the 
gold  per  ton  in  the  parcels  respecting  which  the  mining  offi- 
cers succeeded  in  obtaining  information: 

Os.  Dwt.      Gr. 

Victoria,  in  1876 10    13.48 

New  South  Wales,  in  1876 13      8.20 

Queensland,  in  1873 1  14         20 

The  poorest  parcel  crushed  in  New  8outh  Wales  in  1875 
yielded  only  1  dwt.,  or,  say,  $1  per  ton,  and  in  1876  quartz 
scarcely  better  was  milled.  The  lowest  yield  should  indi- 
cate the  cost,  but  such  rock  can  only  have  been  crushed  in 
ignorance  of  its  contents, 
of  oid*«??£I?ned  ^^®  proportiou  of  gold  obtained  respectively  from  alluvial 
jvwn  piacen  aad  dcposits  and  from  veius  is  not  precisely  ascertainable.    Of 

from  vein*.  *  ■■  .    . 

the  gold,  the  history  of  which  was  learned  by  the  mmrng 
officers  of  New  South  Wales  in  1876,  more  than  two  thirds 
was  obtained  from  quartz,  but  the  entire  quantity  thus 
traced  was  only  something  like  one-third  of  the  total  prod- 
uct, and  it  is  evident  that  it  must  be  easier  to  get  reports 
from  miUs  than  from  diggings.  Ten  years  since,  the  pro- 
portions estimated  in  Victoria  were  just  the  reverse  of  the 
.  above  relation.  It  seems  probable,  therefore,  that  the  quan- 
tities obtained  by  mining  and  by  washing  are  very  much  the 
same. 
Ve\r  Zealand.  Ncw  Zealand  did  not  exhibit  at  Paris.  For  the  sake  of 
completeness,  however,  it  may  be  interesting  to  add  a  few 
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words  on  the  subject  of  that  colony,  which  are  translated     adbtbaua. 
from  the  memou*  of  Dr.  A.  Soetbeer:  •  lu  mineral  r§. 

^^New  Zealand. — In  1852  about  1,000  ounces  of  gold  were    ouid.' 

New  Zealand 

obtained  upon  the  east  side  of  the  north  island  at  Gape  Goro-  Dr.  a.  soctbeeV. 
mandely  after  which  the  workings  were  abandoned.    Four 
years  later  a  beginning  was  made  at  the  south,  in  the  prov- 
ince of  Otago.    A  great  increase  in  the  gold  production  of 
New  Zealand  took  place  in  the  summer  of  1861,  when  new 
and  very  rich  deposits  were  discovered  on  the  Tuapeka   Sacoeasive  ois- 
fiiver  and  in  the  Thames  gold  fields.    The  north  island  has  diaiTic^.  ^  ^° 
thus  far  produced  far  less  gold  than  the  south  island,  which 
is  mnch  richer  in  alluvial  deposits.f    The  most  important 
districts  stretch  along  on  the  western  slope  of  the  mount- 
ains through  Nelson  and  Westland  Provinces  toward  Otago. 
Throughout  Otago,  where  they  are  especially  numerous  and 
rich,  their  distribution  is  dependent  upon  the  slate  rocks. 
The  younger  gold-bearing  drifts  at  the  bottom  of  existing    The  eoid-bear- 
▼alleys  are  distinguished  from  deeper  and  older  alluvia  upon  tJent  periods. 
tiie  declivities.    In  fact,  the  rivers  of  Kew  Zealand  have 
eroded  their  beds  greatly  since  the  formation  of  the  older 
alluvia,  so  that  the  deep  leads,  which  in  other  districts  can 
often  be  reached  only  with  great  trouble  and  expense,  are 
here  not  infrequently  exposed  upon  the  declivities  of  the 
valleys. 

"Hydraulic  washing  on  the  Galifomia  plan  has  been  in- 
troduced in  Otago. 

"The  comparatively  small  extension  of  the  gold  districts 
among  the  younger  volcanic  rocks  as  contrasted  with  the 
great  development  of  alluvia  from  the  slates  justifies  the 
prediction  that  the  fate  of  Kew  Zealand  will  be  that  of  Gali- 
fomia." 

The  following  table  exhibits  the  results  of  gold  mining  in   Product  of  gou 
Australia  and  New  Zealand.    The  gold  product  of  South  tTai{?^auS  n?w 
Australia  and  Tasmania  has  been  fitful  and  insignificant.  ^®*^"*^* 
The  data  for  Victoria  are  ofQcial  reports  of  the  mining  regis- 
trars ;  for  Kew  South  Wales,  in  part  from  a  similar  source 
and  in  part  from  analyses  of  the  mint  and  custom-house 
reports,  made  by  the  mining  authorities  of  that  colony. 
The  data  for  Queensland  and  l!^ew  Zealand  are  taken  from 
Dr.  Soetbeer's  memoir.    Dr.  S.  arrives  at  all  his  figures  for 


*  EdelmeiM'FrodukiUm  und  WerthverMUniaa  ewiachen  Goldund  Silber. 
(Production  of  preoioas  metals  and  reXative  value  of  gold  and  sUyer.) 
This  memoir^  the  most  extensive  that  has  appeared  on  the  subject,  has 
just  been  published  as  an  extra  number  to  "Petermann'sMitheilungen." 
It  nems  exhaustively  compUcd  and  admirably  digested. 

tE.  Sness,  Znkumft  det  Goldes,  Wien,  1877. 
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AUSTRALIA. 


Australia  by  discussing  the  importation  and  exportation  of 
ittminrraire-  gold,  aud  allowiug  a  Certain  amount  for  circulation,  etc,  in 
Goui.  the  colonies.    It  is  satisfactory  to  find  that  his  final  result 

is  only  two  million  pounds,  or  about  three-fourths  of  one  per 
cent,  less  than  that  here  given,  although  less  than  one-fifth 
of  the  total  has  been  reached  from  the  same  data. 


Table  of  uold 
product  of  Aii8- 
tralaaia. 


ValviA  of  the  Auetrala$ian  gold  product. 


Years. 

Victoria. 

• 

New  South 
Wales. 

Qnoens-  '    Kew  Zea- 
land.            Iflnd. 

Australasia. 

Prior  to  1870      . 
In  1870 

£162,  524, 816 
4,801,192 
5. 421, 008 
5, 130, 084 
4,964,820 
4,623,888 
4, 383, 148 
3,653,040 

£24,  275^  660 

931,016 

1,230.485 

1,643.582 

1, 896, 176 

1,040.329 

877,694 

613, 190 

£1,  262, 622 

483.165 

584,481 

438,613 

623,199 

1,313,204 

1, 434, 219 

1.246,296 

£18, 162, 232 
2,062,600 
2,008,740 
1, 502, 043 
1,728,670 
1,364,720 
1,382,282 
1,228,864 

£196,82^890 
8,367,973 

1871 

1872 

1878 

9. 86^614 
8.714,822 
8,711.804 

1874 

8, 342, 141 

1875 

1870 

8, 077, 343 
6,943,890 

Total 

183, 894, 896  1    32, 027, 131 

7,385,799 

30, 040, 131 

255,347,977 

ICaximum  yield . . 

11, 943, 064 
(In  1856.) 

2, 060. 946 
(In  1852.) 

1,434.219 
(In  1875.) 

2,  784. 124 
(in  1860.) 

12,663,034 
(In  1856.) 

Or,  in  money  of  the  United  States  (taldng  the  pound  at  $4.86),  as  follows : 


In  1876 

$18,735,494 

12,980,103 

16^056^999 

$5,972,279 

$33;  744, 875 

Total 

003, 449, 195 

155, 651, 857 

85, 894, 083 

145, 993, 134 

1,240,991,168 

ICuximum  yield . . 

58. 047, 665 
(In  1856.) 

12, 002, 198 
(In  1852.) 

6, 970, 304 
(In  1876.) 

18. 630, 843 
(In  1866.) 

61, 642, 346 
(In  1856.) 

^  The  mind  fails  to  grasp  these  sums,  but  some  idea  at  least 
Dr.  soetbeer  8  may  be  Obtained  by  comparison.  I  therefore  add  Dr.  Soot- 
beer's  results  for  the  gold-producing  countries  of  the  world, 
from  the  discovery  of  gold  in  Australia  to  the  end  of  1875. 
I  have  added  the  same  statistician's  estimate  of  the  silver 
product  of  the  world  for  the  same  period  for  comparison. 
The  silver  production  of  Australia  will  be  mentioned  pres- 
ently. Dr.  Soetbeer  is  responsible  only  for  the  weights. 
These  I  have  converted  into  terms  of  the  habitual  dollar, 
at  the  rate  of  1  kilo  gold  to  $664,632,  and  1  kilo  silver  to 
$41,56a 

Table  of  world's  The  toorlcP  8  product  of  gold  and  ailveTf  1851  to  1875,  inclurivef  acoordxmg  to 
P^^nct  of  gold  Soetbeer, 

nnd  silver,  1851- 
1875.  -  - 


Gold. 


Silver. 


Countries. 


Kflograxns. 


Aastralia 

United  States 

Mexico  and  South  America. 

Buasia ^  ■ . . 

Other  conntriea 

Total 


1,812,000 

1, 840, 600 

231, 935 

694,080 

177,850 


4,766.866 


Dollars.      !  Kilograms. 


1,234,310,000 

1,223,260,000 

154,150,000 

461, 310, 000 

U8, 205, 000 


5,271,600 

18.670,600 

807,700 

6,763,745 


DoUaia. 


219,124,000 

771,033,000 

16, 535, 200 

281,153,000 


3,161,286^000        81,003,685     1,288,74M00 
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Of  the  present  methods  of  treating  gold-bearing  gravels     austbaua. 
and  quartz  in  Australia  it  would  be  interesting  to  speak,    lu  mineral  re. 
were  the  necessary  informatiou  furnished  by  the  Exposition,    c>oia.' 
but  Australia  exhibited  no  mining  appliances ;  a  fact  wliich  m^joSd.^* 
is  to  be  regretted,  but  of  which  we  cannot  complain,  as  ^e  appfi*°c»'«- 
American  mining  apparatus  was  equally  conspicuous  by  its 
absence. 

There  are  few  places  in  Australia  where  hydraulic  mining  ^  infroqucncy  of 

hydraulio  mmiDg 

is  practicable,  for  lack  of  sufficient  water  supply.  Where  in  Australia, 
alluvial  gold  is  mixed  with  any  adherent  material,  it  has  to 
be  ^'puddled"  or  stirred  up  mechanically  with  water,  so 
that  a  separation  of  metal  from  dirt  may  be  possible ;  a 
method  avoided  in  this  country  almost  entirely.  Cradles, 
pans,  etc,  seem  also  in  vogue  in  Australian  diggings. 

For  crushing  quartz  the  stamp  mill  is  there  as  here    stamp  miii«. 
almost  the  only  machine  employed.    Data  are  not  accessi- 
ble as  to  their  construction  and  duty,  but  the  inference  firom 
what  we  know  is  not  favorable.    In  1876  there  were  1,326  ^,    suttotics  of 

'         the  number  and 

stamp-heads  at  work  in  New  South  Wales,  according  to  the  ^^"JJ^   ®^ 

report  of  the  Minister  of  Mines.     But  if  the  quartz  ran 

$13.50,  and  if  half  the  gold  was  produced  from  quartz,  this 

large  number  of  stamps  must  have  crushed  only  in  the 

region  of  370  tons  per  diem.    The  loss  is  estimated  at  21.8    lom. 

per  cent.    Mr.  O.  T.  Deetken  calculated  the  loss  at  Orass    o.T.Deetkeu. 

Valley,  Cal.,  at  27  per  cent.    (Mining  Commissioner's  Be- 

port  for  1873,  p.  333.) 

In  respect  to  the  treatment  of  pyrites,  the  Australian  colo-     Treatmeot  of 
uies  are  making  vigorous  efforts  to  develop  some  method 
more  economical  or  better  suited  to  the  ordinary  conditions 
of  gold-mining  localities  than  has  hitherto  been  brought  to 
public  attention.     The  Plattner  chlorination  process  has   Piattoer'sohio- 
done  good  service  m  California,  but  only  pyrites  carrymg 
$1M)  or  so  per  ton  will  pay  for  treatment.    In  England  vast 
quantities  of  pyrites  are  treated  at  small  cost,  but  in  con- 
nection with  the  sulphuric  acid  manuflEicture  and  iron  smelt- 
ing; industries  ordinarily  absent  from  gold-mining  localities. 
A  process  tor  the  treatment  of  this  material  should  be  self-    a  new  prooeas 
contained,  or  nearly  so,  and  admit  of  the  utilization  of  at  least  tfae  copper  ^S 
the  copper  and  silver  as  well  as  the  gold.    The  subject  is  one  the  gold!  ^ 
well  worthy  of  the  attention  of  California  engineers,  who 
will  find,  among  other  Australian  publications,  a  x)aper  by 
Mr.  W.  A.  Dixon  in  the  eleventh  volume  of  the  Journal  of  w.  a.  Dixon. 
ike  R.  8.  of  New  South  Wales  of  interest. 

Silver. — But  little  attention  has  been  paid  in  Australia  to      silver  msoci- 
Hilver  ores.    It  may,  however,  be  worth  while  to  point  out  gold, 
that  native  gold  always  contains  silver,  and  that  conse- 
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AUBTUAUA.  quently  a  very  considerable  qaautity  of  silver  has  accompa- 
lumiauirai  re- uieA  the  Australian  gold  product  into  commercial  channels. 
Silver.  The  value  of  this  silver  is  relatively  so  small,  that  it  can- 

not be  taken  into  consideration  in  the  official  estimates  of 

aflvM^SSoSfated  ^^®  ^^^^^  ^^  ^^®  S^^^  product.    In  Victoria  the  value  of  the 
with  the  gold.     gQig^  p^j  ouncc  is  estimated  at  four  pounds,  corresponding 

to  a  fineness  of  nearly  0.942,  or  about  22.J  carats.  The  re- 
maining 0.058  silver  would  have  a  value  amounting  to  less 
than  one-half  of  one  per  cent,  of  the  total  value  of  the  bull- 
ion, and  it  is  pretty  certain  that  the  official  estimate  does 
not  possess  this  degree  of  accuracy. 

In  spite  of  the  inaccuracy  of  the  estimate  of  the  mean 
value  of  the  gold  bullion,  the  data  may  be  nsed  to  estimate 
the  amount  of  silver  obtained  with  the  gold.  The  records 
show  that  the  average  fineness  of  Australian  gold  is  not  far 

Amount  of  ail-  from  22  carats,  or  0.916J.    The  weight  of  the  silver  contents 
the  gold  buiuon.  of  the  gold  buUiou  has,  then,  been  one-eleventh  of  that  of 

the  gold.  If  one  ounce  of  silver  is  taken,  according  to  Ameri- 
can law,  at  $1.2929,  this  calculation  leads  to  an  amount  of 
silver  worth  a  little  over  seven  million  dollars  on  my  esti- 
mate of  the  gold  product  up  to  the  end  of  1876. 

suTer  ore*.  Orcs  the  Valuable  contents  of  which  is  distinctively  silver 
are  found  in  patches  through  the  gold  districts  of  Australia, 
not,  as  in  Western  America,  in  separate  belts  of  country. 

Product  in  Vic-  The  amouut  of  silvcr  produced  from  silver  ores  in  Victoria 
to  the  end  of  1876  is  officially  estimated  at  a  value  of 

In  New  South  £21,206.    Ncw  South  Walcs  has  produced,  up  to  the  same 
^'  date,  £105,466  worth  of  this  metal.    Queensland  appears  to 

claim  no  silver  product.  The  value  of  the  silver  firom  silver 
ores  has  there  amounted  only  to  some  $600,000. 

Tin.  Tin. — ^The  uniformity  in  the  character  of  tin  deposits  all 

over  the  world  has  long  been  a  subject  of  remark,  and 
Australia  has  no  exception  to  offer.    HerjB,  too,  it  occurs  in 

AUuiiiaidepos- alluvial  dcposits  of  various  ages,  and  in  place  in  lodes  and 
reticulated  veins,  less  properly  described  as  "strings,^  in 

D.  Forbes,  1859.  granite  and  greisen  rocks.    Mr.  D.  Forbes,  as  far  back  as 

Stoiiniferon8i859,  reccivcd  specimens  of  stanniferous  granite  from  New 

SoutJi  Wales,  and  found  them  "perfectly  identical  with  the 

stanniferous  granites  of  Cornwall,  Portugal,  Bolivia,  Peru, 

and  Malacca,^  and  Banca  and  Billiten  might  have  been 

Tin  ore  found  added  to  the  list.    The  tin  ore  is  frequently  found  associated 

sflBooiAted    with 

gold.  with  gold,  which  indeed  it  greatly  resembles  in  its  lithologi- 

cal  behavior.    It  is  nearly  always  associated  with  quartz, 

Crystals  of  caa- many  crystals  of  the  latter  mineral  showing  crystals  of 

•**"*** *"^™*^^'cas8iterite  imbedded  in  and  implanted  upon  them,  whence 

the  conclusion  seems  inevitable  that  their  deposition  has  been 
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Bimnltaneous.    Arsenical  and  copper  pyrites  are  also  asso-     adbtralu. 
elated  with  the  tin-stone,  j»nd  diamonds  and  sapphires  occur    it»  miwrai  re- 
in  the  same  leads.    Their  high  specific  gravity  and  perfect   Tin. 
resistance  to  atmospheric  action  account  in  part  for  the 
occurrence  of  gold  and  tin-stone  togettier  in  alluvial  deposits. 

The  stream  deposits  are  not  confined  to  the  beds  or  banks    stream  dep<M- 
of  present  water-courses.    They  often  extend  high  up  the 
sides  of  the  valleys  of  the  present  streams  (indicating  ero- 
sion),  and  are  also  found  in  "deep  leads''  or  the  beds  of  Deepioada. 
ancient  streams.    The  only  source  of  the  tin  seems  to  be      Gm^toB  the 

"  .  ,  soaroe  of  tin. 

the  granites.  On  high  ground,  cassiterite  is  sometimes 
found  over  granite  in  unworn  crystals,  and  existing  there 
as  a  residuary  deposit.  The  granites  are  Paleozoic,  and,  ac- 
cording to  Mr.  Clarke,  Devonian.  The  veins  do  not  exhibit 
a  uniform  strike  as  in  Cornwall. 
The  tin  fields  of  Australia  center  on  the  eastern  cor-  ^  ,?^i?<*  <*' 

the  tin  fields. 

dillera,  about  half-way  up  the  coast,  and  near  the  boun<lary 
between  New  South  Wales  and  Queensland,  though  there 
is  tin  ore  in  the  southern  portion  of  New  South  Wales  and 
in  Victoria,  and  very  valuable  discoveries  have  been  made 
in  Tasmania.*  The  area  of  the  New  South  Wales  fields  is  -A'«w- 
estimated  at  6,250  square  miles,  and  that  of  the  Queensland 
tin-bearing  district  at  100  square  miles. 

Rev.  W.  B.  Clarke,  whose  active  share  in  the  in^-estiga-  q^^^'-  ^'  ®' 
tion  and  development  of  the  mineral  resources  of  Australia 
has  so  often  been  referred  to,  was  the  first  to  draw  attention 
to  the  probable  occurrence  of  extensive  deposits  of  tin  ore 
in  Australia.    His  prediction  was  made  in  a  report  to  the  j^?^  ©f^e  d?^ 
colonial  secretarj^  of  New  South  Wales,  dated  May  7, 1853,  ©o^erj^f  tin  ©re 
the  subject  of  which  was  the  district  of  New  England,  the 
same  which  became  so  famous  for  its  tin  deposits  in  1872. 
No  practical  notice  was  taken  of  Mr.  Clai'ke's  observation. 

The  existence  of  tin-stone  was  recognized  in  Victoria  dur-  '^***^®  ^ 
ing  the  same  spring.  The  occurrence  of  tin  in  the  more 
southern  colony  is  comparatively  trifling,  but  the  discovery 
was  not  entirely  overlooked  as  in  New  South  Wales.  As 
has  been  pointed  out  in  the  report  on  the  mineral  industry 
of  (xreat  Britain,  relatively  considerable  quantities  of  tin- 
stone and  tin  were  obtained  in  Australia  long  before  1872. 
This  appears  to  have  come  exclusively^ from  Victoria,  which 
still  produces  a  few  scores  of  tons  a  year,  a  quantity  quite 
insignificant  in  comparison  with  the  recent  yield  of  New 

•  See  paper  by  Mr.  Wintle,  Trans,  R,  S.  of  New  South  WaleSy  vol. 
%  p.  87.  The  deposits  seem  to  present  great  peculiarities,  the  ore  oc- 
coinng  in  sharp  detritus  and  often  in  lumps  weighing  hundreds  of 
pounds. 
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South  Wales  and  QueeDsland.    According  to  the  VictotHan 
Its  mineral  re-  Year  BooJc  for  1876-77,  the  total  value  of  the  tin  raised 

eourcee. 

Tin.  since  its  first  discovery  in  that  colony  was  £330,391,  repre- 

Productof  Vic-  senting,  perhaps,  3,000  tons  of  metal.    The  product  of  1875 
^^^  and  1870  cannot  have  been  far  from  60  tons  per  year. 

Tin  in  New  Thc  fact  of  the  cxisteuce  of  tin-stone  in  the  northern  part 
of  New  South  Wales  fell  so  entirely  into  oblivion  that  in  a 
government  volume  entitled  Indiistridl  Progress  of  New 
South  Wales  in  1871,  an  essay  on  the  mineral  resources  of 
the  colony  contains  no  mention  of  this  metal.  Since  1872 
great  quantities  of  tin  have  been  extracted,  mainly  from 
stream  deposits,  and  the  business  of  tin  smelting  has  been 
rapidly  mastered.  The  returns  of  the  tin  raised  and  smelted 
are  confessedly  imperfect. 
As  the  great  tin  fields  lie  close  upon  the  borders  of  New 
In  Queensland.  Sonth  Walcs  aud  Queensland,  the  discovery  of  tin-stone  in 
the  latter  colony  was  simultaneous  with  that  in  the  former. 
The  data  accessible  to  me  for  the  production  in  Queensland 
are  exceedingly  unsatisfactory,  for  in  1874  I  have  the 
product  for  the  first  quarter  only,  for  1875  nothing,  and 
for  1876  only  a  statement  of  the  value.  In  the  following 
table  I  have  calcnlated  the  contents  of  the  tin-stone  raised 
at  70  per  cent,  metal,  and  estimated  the  missing  figures  as 
well  as  I  could.  These  unauthoritative  sums  are  printed  in 
bold-faced  figures : 


Table  of  pro- 
daction  of  tin  in 
▲aBtralia. 


Years. 


1872 
1878 
1874 
1875 
1876 


Total 


Apiyroximate  production  of  tin  in  Australia. 


NBW  83UTH  WALES. 


i 

It 

s 

a 

•0m 

H 


Tone. 


(Ore 
{Tin 
5  Ore 
{Tin 
COro 
{Tin 
COro 


.     848) 

.      47  5 
.8,635)! 
.     904  5 
.2,118/1 
.4,1015 
.2, 022  }  I 


^Tin  ..6,0585 
5  Ore... 1, 500  ( 
{  Tin  . .  5, 449  5 


1 

s 

Pi 


I 


Tone. 
SOS 

3»440 

5,584 

7,473 

6.505 


33,600 


QUBEXSLAKD. 


I 

i 

.s 


I 


Tone. 
1,400 

5,274 

5,440 


I. 

o  ca 


I 


Tone. 
080 

3,609 

3,808 

3,500 

2,800 


14,780 


a 
a 


f,3 
I 

0. 


5 

o 

H 


Tone. 
1,578 

7,141 

0,303 

10,073 

0,305 


38.380 


Engiisiitinpro.Or,  adding  3,000  tons  for  Victoria,  the  total  becomes, 
say,  4 1 ,000  tons.    The  English  tin  product  for  1876  was 
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AUBTOALIA. 


Copper. 


South  Aiurt:ra- 
lia. 
J.  Boothby. 


9,500  toDs;  Bancu  and  BiUiton  produced  together  abont 

G,600  tons.  It»  mineral  rt- 

Mr.  Wilkinson  attributes  the  falling  off  in  the  tin  product    Tin. ' 
to  the  exhaustion  of  the  more  accessible  alluvial  deposits. 
The  washing  of  the  tin-stone  is  effected  either  in  sluices  or  ,  ,  wash  ng  in 

bluicas  or  jigs. 

jigs.  As  in  the  treatment  of  placer  gold,  the  lack  of  an  ample 
water  supply  is  severely  felt.    Wolfram  seems  not  to  occur 
with  the  tin-stone  to  any  considerable  extent.    The  smelt-    smelting. 
ing  is  effected,  as  in  England,  in  reverberatory  furnaces. 

Copper. — South  Australia  contains  some  of  the  finest  cop- 
per mines  in  the  world.  The  following  somewhat  meager 
account  is  extracted  from  a  Statistical  Sketch  of  South  Auo- 
tralia^  by  Mr.  J.  Boothby : 

"  The  principal  mines  are  the  Burra,  the  Wallaroo,  and  the 
Moonta.*    From  the  first  of  these  215,000  tons  of  ore  were   Product  of  tira 
raised  during  31  years  from  the  commencement  of  opera- ^B^rraxnfneJ** 
tions,  producing  four  millions  sterling.    The  total  amount  ex-  ^^®°^®  "°** 
pended  by  the  company  was  £1,982,000,  of  which  £1,508,000  ^™ 
represented  wages,  the  gross  profits  being  £882,000.    Since 
the  opening  of  the  Wallaroo  mines,  the  total  quantity  of  waiiaroominee. 
ore  raised  therefrom  has  been  290,000  tons,  and  the  average 
of  the  past  five  years  has  been  26,000  tons.    The  Moonta 
mines  were  discovered  in  18GI,  since  wliich  year  250,000 
tons  of  ore  have  been  raised,  realizing  £2,700,000.    A  profit 
of  £928,000  has  been  divided  amongst  the  shareholders  of 
this  magnificent  property. 

"  In  1844,  shortly  after  the  discovery  of  copper  in  South 
Australia,  the  total  value  of  the  minerals  exported  was 
£G,436 ;  in  1851  it  reached  to  £310,916 ;  in  1861  it  amounted 
to  £454,172;  in  1871  to  £048,569 ;  in  1875  to  £762,386. 

*^The  following  table  exhibits  the  steady  productiveness  ,      Pnuiuct  of 
of  South  Australian  mines,  distinguishes  the  quantity  of  mines,  i866-i87& 
fine  copper  shipped  from  the  quantity  of  ore  exported  in 
its  crude  state,  and  gives  the  estimated  value  of  each: 


Moonta  minea. 


Minerals  ex- 
ported, 1844-187&. 


Tears. 


1806 
1807 
1888 
18(» 
1870 
1871 
1872 
1873 
1874 
1875 


Fineo 

opper. 

Coppe 

Owt. 

1 
Tcna. 

129,272 

£684,600 

16^824 

150,863 

627,384 

11,430 

104,227 

400,601 

20,725 

92,788 

371,566 

26,835 

109, 421 

894, 010 

20,886 

127,911 

618, 080 

20,127 

149,050 

680,714 

26,064 

141, 744 

635, 131 

27,382 

182. 587 

557,306 

22,854 

136,835 

578,065 

26,436 

£225,683 
113, 409 
207, 519 
250,259 
173, 861 
119, 003 
122,020 
13t;,  371 
136, 530 
17.^  101 


Total  valae. 


£824,501 
753,413 
6-24, 022 
627,152 
574, 000 
048,569 
806,364 
770, 590 
700,828 
762, 886 


*  Borra  is  GO  miles  from  Adolaido,  on  tho  eastern  slope  of  the  Sonth 
Australian  range.  Wallaroo  and  Moonta  are  close  together,  75  miles 
from  the  capital,  near  the  base  of  Torke  Peninsula. 
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AusTBAUA.  u  The  smelting  works  in  connection  with  these  mines  are 
iut7Hinerai  re- of  a  vcry  cxtcnsive  and  costly  character,  employing  a  large 
Copper.  amount  of  skilled  labor." 

Copper  is  also  found  in  large  quantities  along  the  eastern 
Distribation  of  Cordillera,  distributed  over  a  somewhat  wider  belt  of  coun- 
e  copper  ore.    ^^  ^^^^  ^^^  ^^^  ^^  ^^^  othcr  mctals.    The  copper  in  the 

eastern  colonies,  however,  labors  under  some  disadvant- 
ages in  the  unfavorable  position  of  the  mines  for  trans- 
portation, the  large  capital  necessary  to  establish  smelting 
works,  etc.  The  returns  of  copper  ores  raised  and  smelted. 
Copper  pro-  as  wcU  as  those  of  tin,  are  very  imperfect.  Up  to  1874  the 
Soath  Wales,     maximum  quantity  of  metallic  copper  produced  in  New 

South  Wales  was  665  tons ;  but  for  the  years  1874, 1875, 
and  1876,  respectively,  the  ingots  exi>orted  weighed  3,628, 
6,245,  and  3,106  tons.  A  small  quantity  of  ore  and  regulus 
continues  to  be  exported.  The  total  value  of  the  copper  in- 
dustry in  New  South  Wales  before  1874  is  estimated  officially 
at  about  £500,000,  and  for  the  years  1874,  '76,  and  '76 
together  at  a  little  over  a  million. 

Queensland.  Queensland  produces  some  copper  ore,  and  copper  mining 
is  there  regarded  as  one  of  the  industries  of  the  future. 
The  value  of  the  copper  and  copper  ore  exported  in  1872 
was  £234,540 ;  in  1873,  £189,479 ;  and  in  1876,  £172,380. 
Copper  has  figured  among  the  exports  of  Queensland  ever 
since  1862. 

Victoria.  Victoria  produces  only  a  trifling  amount  of  copper,  the 

amount  raised  up  to  the  end  of  1876  being  valued  at  only 
£8,331. 
These  desultory  data  convey  very  little  idea  as  to  how 

Copper  product  much  coppcr  Australia  has  produced.  A  rough  approxima- 
tion may  be  made  as  follows : 

Value  of  copper  and  copper  ore  raised  in  Soath  Austxalia 

to  the  close  of  1875 £14,404,568 

From  the  product  of  former  years  we  may  estimate  for 

X876 YdCOOO 

Valne  of  copper  product  of  Victoria  to  end  of  1876 8, 331 

Value  of  product  of  New  South  Wales  to  end  of  1876 1, 566, 232 

Value  of  Queensland  product  to  end  of  1873 U55, 592 

Value  of  Queensland  product  for  1876 173, 380 

Value  of  Queensland  product  for  1877  and  1875,  estimated 

same  as  1976 844,  YHO 

Value  of  Ans-         Total  value  of  Australian  product 18, 201, 863 

traliAD       copper 

^  Price  of  cop-     The  average  price  of  copper  (tough  cake)  in  England  for 
^^'  the  years  1870  to  1876  (7  years)  was  within  twopence  of 

£84  lOs.  But  a  large  proportion  of  the  copper  raised  in 
Australia  was  exported  as  ore  and  valued  accordingly.    The 
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price  of  copper  ore  containiiig  20  per  cent,  copper,  in  Swan-     aubtbaua. 
sea,  is  about  80  per  cent,  of  the  market  value  of  the  copper    i^  mineral  re- 

'  §oure€s. 

therein  contained.    For  lack  of  data  we  may  suppose  one-    copper. 

half  of  the  copper  in  ingots  and  one-half  as  ore ;  or  that  the 

valae  per  ton  of  the  copper  raised  as  it  was  exported  was 

W  per  cent,  of  the  market  price  of  tough-cake  copper,  or,    vaiue  of  oop. 

say,  £70  per  ton.    This  assumption  leads  to  a  total  copper  ^^^^ 

product  for  Australia,  to  the  end  of  1876,  of  about  24(^,000 

tons.     In  L876  Great  Britain  produced  about  4,700  tons. 

CoaL — Large  coal  fields  exist  along  the  Cordillera  of  East-    ^^Jj^m^     ^f 

em  Australia.    A  somewhat  animated  discussion  has  been  EMtem  Auatra* 

lift. 

carried  on  regarding  their  geological  position,  viz,  as  to 
whether  they  are  Paleozoic  or  Mesozoic,  a  question  thought 
to  bear  forcibly  upon  the  probabilities  of  their  extent  and 
quality.  The  discussion  originates  in  the  fact  that  the 
greater  part  of  the  fossils  found  in  the  coal  beds  are  dis-,.   F^»^P?on- 

*'  *^  ,  liArtotheanthra- 

tinctfrom  any  recognized  m  Europe  as  characteristic  of  the  cite  coai  beds. 
carboniferous  formation.  Especially  is  this  the  case  with 
pLints  of  the  genus  OlossopteriSy  which  are  characteristic  of 
the  most  valuable  portion  of  the  Australian  coals.  The 
evidence  of  the  fossil  fauna,  however,  seems  to  have  de- 
cided the  question  in  favor  of  the  Paleozoic  character  of  the   Paleozoic  char- 

acter  of  the  pnn- 

main  deposits.    There  are  also  large  fields  of  Mesozoic  coal  cipai  beds  indi- 

catod  bv  tbo  foa* 

of  less  but  by  no  means  small  value.  sufaona. 

The  position  of  the  coal  fields  is  mainly  between  the  cor-    ,  ^?»^*i®^  ""^ 

*^  •'  extent  of  the  coal 

dillera  and  the  coast,  and  while  the  gold  deposits  center  infleid8,N6wSaatu. 
Victoria,  the  coal  fields  are  most  abundantly  developed  in 
New  South  Wales.    These  coal  fields  extend  northward  int  o 
Qne^Qsland,  which  unquestionably  possesses  numerous  quan- 
tities of  coal,  hitherto  almost  untouched.    Victoria  also  pos-   victoria.. 
sesses  coal,  chiefly  Mesozoic.    The  carboniferous  formation 
in  Victoria  is  very  much  broken  up,  and  Mr.  Selwyn  has  re-  A-RCSeiwyn. 
ferred  to  the  drifted  origin  of  the  material  forming  the  Pa- 
leozoic coal  of  Victoria  as  precluding  the  probability  of  the 
existence  of  workable  coal  seams  in  the  Victoria  coal  meas- 
ures.   In  contrast  to  this  condition  of  things,  Mr.  Wilkin- 
son remarks  upon  the  frequent  occurrence  in  the  coal  seams 
of  New  South  Wales  of  tree  trunks,  upright,  and  evidently    Tree  tmnks  in 
undisturbed. 

Beports  of  the  discovery  of  coal  beds  in  South  Australia   South  Anstra- 
have  been  circulated  from  time  to  time,  but  have  hitherto, 
so  far  as  I  know,  proved  groundless.    Goal  has  long  been 
known  to  exist  on  the  west  coast  of  Western  Australia,  but  ^.^^^  ^^ 
it  is  not  worked  to  any  considerable  extent. 

The  developed  coal  fields  are,  then,  to  all  intents  and  pur-   Principal  local- 
poses,  confined  to  New  South  Wales,  though  Queensland    ^^  ^  ' 
16  P  B ^VOL  4 


touree*. 
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AuemiAUA.     claims  24,000  square  miles  of  developable  coal  lands,  and 
lu  mineral  rt-Yictona  bas  mined  some  $60,000  worth  of  mineral  fiieL 

chiefly  at  Cape  Paterson,  up  to  the  end  of  1876. 

Coal.  rpi^^  following  cxtract  from  the  official  catalogae  of  the 

exhibit  of  New  South  Wales  contains  valuable  information: 

wai  '^^^  ^^^     "  '^^^  approximate  area  of  the  carboniferous  strata  is  esti- 

Area  of  carbo-  mated  at  2  5,950  square  miles.    The  principal  coal  betls  exist 

nilerous  strata.  i  ^  ,  * «;  m 

along  the  coast  to  the  north  and  south  of  Sidney.  The  mines 
just  opened  are  situated  in  the  immediate  vicinity  of  New- 
castle, and  it  is  from  there  that  the  colony  obtains  its  largest 

Lie  of  the  coaL  supply.  The  coal  lies  near  the  surface,  and  the  greatest 
depth  to  which  shafts  have  yet  been  sunk  is  less  than  500 
feet.    In  many  districts  the  coal  crops  out  on  the  face  of  the 

Coet  of  mining.  jjiHg^  and  cau  be  cheaply  got  by  driving  tunnels.  The  cost 
of  mining  is  from  3«.  to  5«.  6<2.  per  ton. 

^i^^^.. "Experiments  with  the  New  South  Wales  coal  at  the 

Roport  iToin 

itoyia  ,  Arsenal,  Eoyal  Arscual,  Woolwich,  in  1858  and  1859,  showed  that 
for  steam  purposes  it  was  only  7  per  cent,  inferior  to  the 
best  Welsh  coal,  and  that,  as  regards  the  manufacture  of 
gas,  it  produces  upwards  of  0,000  feet  per  ton,  with  an  illu* 
minating  power  24  per  cent,  greater  than  the  English  vari- 
Director  of  cty  kuowu  as  Whitworth.  The  government  director  of  the 
Companies.  ^*^  Indian  railway  companies,  in  his  repoi*t  to  the  Secretary  of 

State  for  India  (186S-'69),  refers  to  the  quality  of  Australian 
coal.    He  says :  ^  It  has  been  tried  on  some  of  the  lines  of 
Western  India,  and  has  been  well  rejwrted  on.    The  expe- 
Scinde  Railway  rience  of  the  locomotive  superintendent  of  the  Scinde  Com- 
^"^compariaon  pauv  IS  that  it  is  cqual  to  Welsh  coal  in  all  respects ;  its 
evaporative  power  is  nearly  equal  to  Welsh  coal,  and  the 
consumption  per  mile  is  less.    The  price  hitherto  has  been 
under  that  of  English  Welsh  coal.' 
John  Macken-     ''The  govemmeut  examiner  of  coal  fields  (Mr.  John  Mac- 
kenzie, P.  G.  S.)  estimates  that  one  seam  of  coal,  after  al- 
Estimated  lowing  ouc-third  for  loss  and  waste  in  getting,  will  yield 
aeama.  ^  84,208,298,667  tons.    It  has  been  ascertained  by  the  Rev. 

Rev.  w.  B.  w.  B.  Clarke  and  the  examiner  of  coal  fields  that  there  are 

Clarke. 

in  the  upper  coal  measures  at  least  16  seams  of  coal,  each 
more  than  3  feet  thick.    One  seam,  whose  outcrop  is  near 

w.Keene.  Stroud,  described  by  the  late  Mr.  W.  Keene,  is  more  than 
30  feet  thick,  as  tested  by  several  trial  pits  sunk  on  the  dip 
side;  and  another,  whose  outcrop  is  near  Wallerawang, 

A.LiTer8idge.  recently  examined  by  Archibald  Liversidge,  esq.,  professor 
of  geology  in  the  University  of  Sydney,  is  17  feet  6  inches 
thick.  The  principal  seam  from  which  coal  is  now  being  ob- 
tained is  from  8  to  10  feet  thick,  the  coal  being  free-burning 
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and  bitumiaou&— suitable  for  household,  steam,  smelting,     Australia. 
gas,  and  blacksmith's  purposes.  luminerdire' 

"Mr.  B.  W.  Moody,  mining  engineer,  gives  the  following   coaL 
description  of  coal  land  on  the  southeastern  coast :  '  The  5  ^' 

seamsof  coal  contained  in  these  600  acres  will  yield  3 1 ,250,000         th«^*** 
tons  of  coal,  which  will  supply  a  vend  of  1,000  per  day  for  coast, 
over  100  years ;  and  this  is  independent  of  the  exceedingly 
rich  bed  of  kerosene-oil  shale,  which  is  sufBicient  to  yield      KeioBeae^ia 
2,000  gallons  of  refined  oil  per  week  for  over  72  years.    The 
position  of  aU  the  seams  is  so  favorably  situated,  that  the 
coal  flrom  each  can  be  got  by  tunneling  into  the  mountain 
range,  and  conveyed  to  the  proposed  railway  terminus  be- 
low by  self-acting  inclined  planes.'    Writing  of  the  upper 
coal  measures  in  the  western  district,  the  government  geolo- 
gist (G.  S.  Wilkinson,  esq.,  F.  G.  S.)  says:  'They  are  480  cs-wiiuiuon 
feet  thick,  resting  conformably  on  the  marine  beds  of  thcmeasoi^P^ 
lower  coal  measures,  and  overlaid  by  more  than  500  feet  of 
Hawksbury  sandstone.    Eleven  seams  of  coal  have  been 
counted  in  them :  the  lowest,  which  is  10  feet  thick,  lies 
about  25  feet  above  the  marine  beds,  and  is  the  same  seam 
worked  by  Bowenfels,  Eskbank,  Lithgow  Valley,  and  Vale 
of  Glwydd  Collieries.    This  seam  of  coal  crops  out  on  the 
surface  on  the  railway  line  near  Bowenfels.    It  dips  at  a  low 
angle  of  3  to  5  degrees  to  the  northeast,  and  is  therefore 
easily  worked }  and  as  it  passes  under  the  vast  extent  of 
mountain  ranges  to  the  north  and  ea£»t,  it  will  be  inexhausti- 
ble for  generations  to  come.'" 

The  following  table  of  the  output,  home  consumption,       statistics  of 
and  mean  yearly  price  of  coal  in  'New  South  Wales  is  taken  snmpurar^  '^i. 
from  the  Annual  Beport  of  the  Department  of  Mines  for  ^^^' 
1876: 

Coal  in  New  South  Wales, 
[Oatpnt,  oonsiunptioii,  sad  prloej 


Yean. 


1«2»-1M9... 

imo 

Wl 

1832 

vm 

1874 

1875 

ura 


Toru. 
8,110,070 
868,564 
896,784 
1,012,426 
1, 192, 862 
1,804,567 
1,329,729 
1,819,918 


Tont. 


290,175 
833,855 
343, 316 
419,788 
431,587 
402,722 
451, 101 


10,086,926 


Price. 


«. 


7  8.54 

7  0.47 

7  0.92 

11  1.04 

12  L87 
12  8.89 
12  2.06 


Kew  Zealand,  which  seems  to  form  the  other  edge  of  a   xew  Zealand 
great  submerged  basin  whose  western  boundary  is  the 
BaBt  Australian  cordillera,  possesses  immense  coal  fields. 
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^.oBTEAUA.     the  product  being,  it  is  stated,  even  superior  to  that  of  New 
lu  mineral  re-  South  Wales.    Tasmania  also  is  rich  in  coal,  of  which  a  few 

thousand  tons  are  yearly  raised. 
Kerosene  shale.     Nearly  allied  to  coal  is  the  "kerosene  shale,"  "kerosene- 
oil  cannel  coal,"  or  Australian  boghead  mineral.    Boghead 
coal  is  of  limited  local  occurrence  in  Scotland.    It  consists 
chiefly  of  the  mineral  torbanite,  which  is  nearly  allied  to 
cannel  coal,  and  contains,  according  to  Dana,  carbon  82.19, 
New  South  hydrogen  11.64,  oxygen  6.17.    In  New  South  Wales  bog- 
^'  head  coal  and  similar  bituminous  shales  are  found  exten- 

sively in  association  with  the  coal  beds — ^the  boghead  some- 
times passing  over  into  ordinary  coal,  sometimes  interstrati- 
Areaof  worka-fled  with  it.    The  official  estimate  of  the  area  of  workable 

ole  seams. 

seams  of  this  substance  in  New  South  Wales  is  660  square 
miles.  The  value  of  boghead  and  similar  coals,  both  for 
the  manufacture  of  an  oil  resembling  petroleum  and  for  gas 

Yield  of  Hart-  manufacture,  is  well  known.  The  Hartley  shale  yields  from 
*^ "    *'  150  to  160  gallons  of  oil  per  ton,  or  18,000  cubic  feet  of  gas, 

with  an  illuminating  power  equal  to  40  candles.  This  is 
more  than  is  commonly  claimed  for  the  Scotch  boghead. 

Analysis.  An  aualysis*  of  best  Hartley  shale  gave: 

Volatile 86.6 

Fixed  carbon 6.8 

Ash 6.6 


100.0 

Export.  The  mineral  is  largely  exported  for  gas-making.    The  oil 

Competition  compctes  in  Australia  with  American  petroleum,  but  appar- 

with     Americaai        .■,         . ,,  ,  •      •      •j.     ^  j»  j.t_  •       • 

petroleum.  cutly  With  uo  great  margin  m  its  favor,  as  one  of  the  princi- 
pal sources  of  supply  seems  to  be  worked  or  not  according 
to  the  market  rate  for  petroleum.  The  oil  is  said  to  be  equal 
to  American  petroleum  in  illuminating  power,  and  superior 
in  safety ;  and  Mr.  Eeid  reports  that  the  oil  of  the  New 
South  Wales  Shale  and  Oil  Company  "has  secured  the 
market  to  the  extent  of  300,000  gallons,  with  increasing  de- 
Sales.  mand.'^    From  the  returns  in  the  mining  reports  of  shale 

raised  by  them  it  is  plain  that  this  is  their  aggregate,  not 
the  yearly  sale  of  this  company. 

The  amount  of  shale  obtained  in  Victoria  appears  to  be 
insignificant,  and  in  Queensland  no  attention  has  as  yet 
been  paid  to  it. 

The  following  table  exhibits  the  progress  of  the  oil-shale 
industry  in  New  South  Wales : 

*  Mineral  Map  and  General  SiatiiticB  of  New  South  Walet, 
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Kerosene  cil  ahale. 


Yean. 


18«5. 

leae. 

1867. 

1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 


Total.... 
ATerage. 


AUSTRAUA. 

Itt  mineral  re- 

»ouree$. 
Price  per  ton.         KeroBene-oil 

shale. 


570 

2,770 

4.079 

16,052 

7,500 

8,580 

14,700 

11,040 

17,850 

12,100 

6,107 

15,998 


£  «•  d.      Frodactionaucl 

4  2  5. 47  price,  1865-1876. 

2  18  10.48 

3  14  9.21 
2  17  7.11 

2  10  0 

3  4  3.18 
2  6  3.91 
2  11  11.01 
2  16  6.56 
2  5  1.48 
2  10  2.22 
8  0  0 


U8,836 


2    14    10.96 


Lead. — Ores  of  lead,  largely  argentiferous,  are  known  tx)  Lead, 
exist  in  Australia,  and  a  few  thousand  dollars'  worth  of  the 
metal  have  been  produced  in  South  Australia  and  Victoria. 
In  New  South  Wales  the  plumbiferous  area  is  estimated  at 
500  square  miles,  but  there  are  no  returns  of  product  and 
no  mines  working. 

As  a  mineralogical  curiosity  it  may  be  mentioned  that 
Mr.  Smyth  states  *  the  occurrence  of  native  lead  sometimes 
studded  with  gold  in  deep  gold  lea<ls  at  Talbot  and  Avoca, 
where  they  have  frequently  been  seen  in  situ  by  competent 
witnesses.    The  specimens  have  not  been  analyzed. 

AnUmany. — ^Antimony  is  met  with  in  various  localities  in    Antimony. 
New  South  Wales.    From  1871  to  1874  72  tons  of  the  ore, 
valued  at  £897,  were  treated.    In  1875  the  production  was 
142  tons  regulns,  valued  at  £5,000.    In  1876  40  tons  of  ore, 
valued  at  £140,  were  raised. 

In  Victoria  tiiiere  are  five  antimony  smelting  works,  and 
£120,000  of  antimony  had  been  raised  up  to  the  end  of  1876. 

GemSy  though  of  frequent  occurrence  in  Australia,  have    Gems. 
thus  &r  paid  but  poorly,  for  while  many  stones  of  high 
quality  are  found  in  some  gold  and  tin  leads,  the  size  is 
almost  always  small. 

Mercury, — ^Bev.  Mr.  Clarke  writes  as  follows,  in  the  Mines   Mercury. 

Bev    W    B. 

and  Mineral  Sta/tiaUcs  of  New  South  Wales,  1875 :  ciarke. " 

"Some  years  since  I  reported  on  the  occurrence  of  mer- 
cury in  this  colony,  but  my  expectation  of  the  discovery  of 
a  lode  of  cinnabar  has  been  disappointed.  The  cinnabar  cmnai>ar. 
occurs  on  the  Gudgegong  in  drift  lumps  and  pebbles,  a'nd 
is  probably  the  result  of  springs,  as  in  California  [f  ].  In 
New  Zeahmd.  and  in  the  neighborhood  of  the  Clarke  Kiver, 
North  Queensland,  the  same  ore  occurs  in  a  similar  way. 


*  Gold  Fields  of  Viotoriaj  p.  426. 
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AueTRALiA.     Aboat  1841 1  received  the  first  saimple  of  quicksilver  from 
itt  mineral  r^  Hie  neighborhood  of  the  locality  on  Carwell  Greek,  on  the 

Mero'nry.        Cudgcgong,  where  the  cinnabar  is  found." 

In  the  Annual  Beport  of  the  Department  of  Mines  lor 

Oixmabar  and  1876  it  is  mentioned  that  "a  cinnabar  mine  has  lately  re- 

meronry    exhib-  *^ 

itB.  commenced  work"  in  the  district  mentioned  by  Mr.  Clarke, 

which  lies  near  the  center  of  the  gold  fields ;  but  the  report 
for  1876  passes  it  over  in  silence.    Samples  of  ore  and  quick- 
silver at  Paris  made  a  handsome  show,  but  were  accom 
panied  by  no  information  as  to  the  prospects  or  yield. 
i>«^-  The  Iran  producing  capacities  of  Australia  are  nnqaefi- 

tionably  great,  but  they  are  little  developed,  and  do  not  be- 
long to  this  report 


V. 
EUSSIA.  *^»^ 


THE  MININa  INDUSTBT  OF  BXTSSIA..*  Mtneralwealth. 

The  mineral  wealth  of  Russia  is  very  large,  and  is  based      variety  and 
upon  a  great  variety  of  substances,  widely  distributed  tion. 
throughout  the  empire.  Its  principal  metals  are  gold,  plati-    Metaia, 
unm,  silver,  copper,  lead,  and  iron ;  tin,  zinc,  nickel,  and 
cobalt  are  developed  to  some  extent,  but  are  of  minor  im- 
portance.   Coal  is  said  to  exist  in  immense  quantity  in   coai, 
Southern  Bussia,  and  its  production,  already  considerable, 
shows  a  steady  increase  during  late  years.    Salt,  sulphur,    Soit.  sulphur, 

_  ,  .  ,      "  .,      -        -I        .       .,  1       graphite,  gems. 

graphite,  precious  stones,  etc.,  contribute  also  to  the  value 
of  the  mineral  product. 

The  principal  sources  of  the  more  valuable  metals  are  in  PreciouBmetain 
Uie  mountain  ranges  of  the  Ural  and  Altai.    Copper  is  not  Altai  ranges, 
only  found  in  great  abundance  in  the  regions  just  mentioned,  ' 

bat  also  in  the  Caucasus,  in  Finland,  and  in  the  Kirghese 
district.    Iron  also  occurs  abundantly,  not  only  in  the  Ural    iron, 
and  in  some  portions  of  the  Altai,  but  in  some  of  the  cen- 
tral and  southern  departments  of  the  empire,  in  Poland, 
Finland,  and  in  the  north.    The  zinc  mines  of  Poland  are    zinc. 
counted  among  the  richest  of  Europe.    A  single  mine  in 
^e  government  of  Viborg,  Finland,  furnishes  the  entire 
tin  product  of  Bussia,  but  this  is  very  irregul.ir,  and  of  late   Tin. 
years  very  small. 

The  mines  of  Bussia  did  not  assume  much  importance  in    Fonner  impor- 
the  industries  of  that  country  until  about  the  beginning  of  by  stagnation. 
the  eighteenth  century.    Thence  until  the  reign  of  Eliza- 
beth their  development  progressed  rapidly ;  but  in  the  latter 
half  of  the  past  century  a  period  of  stagnation  ensued, 
which  lasted,  for  reasons  partly  political  and  partly  econom- 
ical, for  many  years.    Of  late,  however,  the  mining  indus-  ^J^^^^^  ^^  *"■ 
try  has  shown  in  most  departments  a  very  considerable  ad- 

*  The  salMtance  of  this  paper  is  drawn  chiefly  from  official  or  semi- 
official soarceSy  published  by  the  administration  of  Department  of 
Mines  of  the  Rossian  Government.  Most  of  the  figures  are  taken  from 
a  pamphlet  prepared  for  the  occasion  of  the  Paris  Exposition,  entitled 
TMeaux  StatUHques  de  Vlndtutrie  dee  Jkftnes  en  RuaMe  en  1868-1876,  par 
C,  8kaUeav9ky,  ingMeur  dee  mines.  M.  Skalkovsky  is  the  secretary  of 
the  CemiUd  Soientifique  dee  Mines,  and  the  statistics  of  the  department 
are  prepared  and  published  under  his  su])erYision. 
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BusaiA.       vance.    Its  progress  during  the  last  fifty  years  is  shown  by 

Mineral  wealth,  the  following  table  I 


Prodactloxi   otproduolion  of  sundrjf  metals  and  minerals  in  the  JRueeian  Bmpire  during 
metals  and  min-  y^,.,  named  helow. 


eials,  1830-1875. 


(Table  from  page  14  of  '^Statiatiics,"  given  in  poodo.) 


Yeaia. 


1830 
1835 
1840 
1845 
1850 
1855 
1860 
1865 
1870 
1875 


Gold. 

Silver. 

Poodf. 

Pood*. 

888 

1,282 

893 

1.212 

458 

1,280 

1,307 

1. 102 

1,454 

1,C68 

1.649 

1,043 

1,401 

1,070 

1,670 

1,084 

2,155 

868 

1,955 

(iOl 

Foodt. 

107 

105 

1U8 

1 

0 

CI 

130 

110 

M 


1830 
1835 
1840 
1845 
1850 
1855 
1860 
1865 
1870 
1875 


Cant  iron. 


Poods. 
11,169,328 
10, 500, 140 
11,331,510 
11.432,645 
13.892,825 
15.310,010 
18, 174, 125 
16,046,191 
19, 503, 407 
23, 255, 068 


Coal. 


Salt. 


Pood*. 
600,000 
875,000 


3, 160, 000 

2, 500, 000 

8, 0(50, 000 

12,679,311 

22, 163, 107 

79,444,328 


Poodg. 
20,920,393 
22. 500. 000 
27. 19.">,  512 
55, 470. 527 
24.  sen.  0(K) 
32,2J4.451 
26, 109, 602 
29, 058.  a33 
29,013,458 
H7,  591, 390 


Copper. 


Foods. 

238.905 
240.204 
280,018 
2G0,C4B 
39:<,618 
378.  G18 

3Uti.  :j^7 
•2:ri,  2U1 


Nuiibtliu. 


Foods. 
201,  WW 
34'<.P5Q 
2^7. 000 
3.7,  IOC 
255.000 


554,291 
1.704,455 
8,174,340 


The  pood,  consisting  of  40  Bnssian  lbs.,  is  eqnal  to  16.3808  kilos :  1  pood  is  eqnal  to 
36.1131  lbs.  avoirdupois ;  1  pood  is  equal  to  526.58  troy  ounces ;  61.047  poods  e<iaal 
1,000  kilos  =  1  French  tonne  =  2,204  lbs. ;  55.3815  poods  equal  2,000  lbs.  avoirdupois. 

Gold.  Qold. — The  production  of  gold  in  Eussia,  since  its  com- 

from  1753-1876.  menceinent  in  1753,  amounted  at  the  end  of  1876  to  G7,134 
poods,  the  approximate  value  of  which  may  be  placed  at 
1730,000,000. 

The  production  during  recent  years  is  shown  in  the  fol- 
lowing table : 


Production, 
1867-1877. 


Productum  of  gold  from  auriferous  deposits  during  ten  years. 


Years. 


1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 


liTum- 
ber  of  ex- 
ploita- 
tions. 


878 
993 
1,129 
1,208 
978 
1,055 
1,018 
1,035 
1.092 
1,130 


Quantity 
of  sand  and  min- 
eral washed. 


Foods. 

068.423. 
1, 177, 288, 
1, 054. 570, 

983, 475. 
1, 081,  518, 
1, 044,  027, 

054, 648, 

937, 578. 
1, 007, 293, 
1. 022. 543, 


325 
244 
392 
095 
424 
585 
704 
04:. 
492 
362 


Suantity 
gold  ex- 
tracted. 


Approxi- 
mate value 
of  product. 


Poods. 
l,0.-»0 
1,711 
2. 007 
2, 157 
2,400 

2.  :i.  1 
2.  U2-". 
2.027 
1,  !)0G 

2.  o:>» 

2,430 


$17.  95S,  000 
18.  GL'J,  :»24 
21.R4t.  IM 
2.1. 47r..  788 
2»i.  r.'l.lJOU 
2.'».  :»:o,  ftn 
•.;2.  <:.|i».  UO 
22,t\;i.M-8 
21.724.  r  4 

•-'C.4K  r.t) 
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Of  this  product  Siberia  famishes  from  two-thirds  to  three- 


BUBBLA. 


fourths,  the  remainder  coming  mainly  from  the  departments  ^SSIT^^'*'^' 
of  Perm  and  Orenburg,  in  European  Eussia,  with  small  con- 
tributions from  the  Earghese  district  and  Finland.   The  prod- 
uct of  1876  is  credited  as  follows  to  the  several  governments 
and  territories : 


GoTemment. 


lakontfik 

Idnieaeisk  and  Ixkoatsk 

Transbaikal 

Amoor 

Tomsk 

Littoral 

Perm , 

Orenburg 

86mipalatinflk , 

Akmolinsk 

nieaborg , 


Locatioa. 


Siberia. 

do 

do 

do 

do 

do 


Enrol 


Bnaaia 


)pean 

Klrghese  district 

do 

Finland  


^S 

^ 

Prodnotion    of 

o 

gold  by  govern- 

*8i 

43 

ments. 

t-:a 

Z^> 

Td 

& 

r- 

d 

Poods, 

35 

628 

836 

886 

64 

284 

10 

172 

126 

107 

8 

12 

197 

177 

263 

110 

24 

12 

6 

1 

9 

k 

Important  concessions  on  the  part  of  the  government  have   imperial   con- 

oeaflions 

recently  conferred  great  advantages  upon  individual  mine 
owners,  and  an  increased  activity  in  mining  operations  has  incrmed  a^ 
been  noted  as  a  consequence.  Under  these  new  conditions  mines, 
the  product  of  gold  in  1877  amounted  to  2,430  poods,  of 
which  only  155  poods  came  from  the  mines  of  the  crown  and 
state ;  the  remaining  2/275  poods  came  from  mines  of  pri- 
vate individuals ;  an  increase  of  437  poods  over  the  product 
from  private  mines  in  1876.  Of  the  product  from  private 
mines  in  1877  Eastern  Siberia  furnished  1,793  poods,  Western 
Siberia  129  poods,  and  the  Ural  353  poods.  It  is  expected, 
for  the  same  reasons,  that  golu-mining  operations  will  hence- 
forth become  still  more  active,  and  the  product  of  the  metal 
will  be  accordingly  greater  in  the  future  than  in  the  past. 

Nearly  all  the  gold  produced  in  the  Russian  Empire  is  ^aoer ^mining 
obtained  from  placers.    Yein-mining  for  that  metal  has  not 
been  actively  prosecuted  until  recently,  and  only  in  the  Ural 
Mountains.    In  the  foregoing  tabular  statement  of  the  gold 
product,  the  quantity  of  sand  and  mineral  treated  during  ten 
years,  as  expressed  in  poods,  amounts,  in  the  aggregate,  to 
about  184,000,000  tons  of  2,000  pounds  avoirdupois,  and  the  Seated] 
corresponding  product  for  ton  years  is  valued  at  $221,576,472,    its  product 
presuming  that  the  weight  oi  gold  given  is  that  of  fine  metal. 
This  would  show  a  yield  per  ton  of  about  $1.20.    To  what 
extent  the  product  of  vein -mining  figures  in  this  statement 
does  not  appear  from  the  data  in  hand ;  but  as  the  product 
of  placers  so  far  exceeds  that  of  vein-mining,  it  is  not  likely 


prinoipaUy. 


Amount  of 
Band  and  mineral 
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BuaeiA.       that  the  latter  raises  the  general  average  yield  per  ton  very 
Mineraifoeauh.  much.    Becent  officlal  data,  referring  to  the  placer- washings 
of  the  Ural  Mountains,  show  that  in  that  region  in  1875  there 
Porcantage  of  wers  extracted  5,300  kilos  of  gold  from  4,240,000  tonnes  of 
S^hings  of  the  auriferoas  sand,  giving  an  average  i)er  tonne  of  1^  grams. 
"' '  This  would  correspond  to  about  20  grains  of  gold,  or  some- 

thing over  80  cents  per  ton  of  2,000  lbs.  avoirdupois. 
theuSr**^*^     Vein-mining  is  carried  on  in  the  several  districts  in  the 

Ural,  but  apparently  to  a  small  extent.    The  district  of 

B^rdsowsk,  in  which  gold-bearing  quartz  veins  have  been 

worked  for  many  years,  still  appears  to  be  the  principal 

^^AjKooioKioai  locality  for  this  branch  of  mining.    The  formation  consists  of 

beds  of  talcose  schists,  in  which  occur  broad  dikes  of  beresite, 
a  granitic  rock  containing  pyrites  and  a  little  mica.  The 
quartz  veins  traverse  the  beresitic  dikes  perpendicularly, 
rarely,  though  sometimes,  passing  beyond  the  limits  of  the 
dikes,  which  generally  have  a  width  of  60  to  80  feet.  The 
quartz  veins  are  not  generally  large  (varying  fix>m  a  small 
seam  to  3  or  4  feet),  and  the  average  value  of  the  ore  is  low, 
being  stated  at  2  to  25  grams  to  the  tonne,  say  about  30 
Peroentage  of  grains,  or  $1.20  to  four-fifths  of  an  ounce  troy,  or  $16  to  $17 
product  ^^  ^^^  ^^  2,000  lbs.  avoirdupois.    The  average  value  of 

quartz  veins  worked  in  this  district  during  former  years  is 

stated  at  about  13  grams  to  the  tonne,  or,  say,  half  an  ounce 

of  metal  per  2,000  lbs.  of  ore. 

Platinum.  Platifium. — This  metal  is  generally  found  with  the  gold 

usiiaUy  oooaxB  of  auriferous  sands.    It  rarely  occurs  by  itself,  that  is,  with* 

^^  '         out  gold,  though  such  is  the  case  in  one  or  two  districts  of 

the  UraJ,  namely,  Taguilsk,  Goroblagodatsk,  and  Bisersk. 

It  has  not,  so  far,  been  found,  at  least  to  any  considerable 

extent,  in  rock  in  9itu^  although  grains  of  platinum  are  said 

to  have  been  observed  in  the  quartz  of  the  mines  of  B^r6- 

Obtained  from  sowsk,  and  the  entire  product  is  obtained  from  placers, 

piacen.  ^^^^  ^^  sands  resulting  from  the  disintegration  of  the  rocks. 

The  dex)Osits  of  Taguilsk  and  Bisersk,  in  which  districts 
platinum  is  generally  found  unaccompanied  by  gold,  are  de- 
scribed as  follows  in  the  official  publication  of  the  Depart- 
Natnie  of  the  mout  of  Miucs.    Serpentine  and  peridotite  form  the  bed  and 
mka^tf^^ul^the  borders  of  the  platiniferous  deposit,  and  fragments  of 
tix^eroaa     de-  ^}|^q  rocks  predominate  among  those  occurring  in  the  sand. 

Ohloritic  and  talcose  schists  also  occur  to  some  extent  in  the 
material  comprising  the  dei>osits,  together  with  chromic 
iron  and  a  certain  conglomerate  of  serpentine  peridot  and 
chromic  iron,  with  a  calcareous  cement. 

From  the  occurrence  of  the  metal  in  grain  distributed 
through  the  fragments  of  serpentine  and  x>eridotite  (from 
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which  last-named  rock  the  serpeiitiiie  is  believed  to  have  re-  _ 
suited),  it  is  supposed  that  the  platiuum  originally  existed  ^ 
in  a  Btste  of  diasemination  throagfaont  these  rocks  in  place  ^^^'tj^e  ud 
prior  to  their  disintegrattou.    This  view  of  the  intimate  re-  lutiinigugiwaf 
lotion  of  platjnam  to  serpentine  is  corroborated  by  Qi%  evi-"*      "^ 
deuce  of  several  examples,  as  for  iustance  in  the  district  of 
Miaaak,  where  platinum  is  found  in  anriferons  saads;  the 
portaoDB  moet  productive  in  plutinnm  axe  those  which  rest 
npoQ  tlie  serpentine  rocks.    At  the  sooroes  of  the  river 
Miass,  near  tbe  Narali  Mountains,  which  are  composed  of 
serpentine  rocks,  the  auriferous  sands  contain  considerable 
platinnm;  but  down  the  river,  in  proportion  to  the  disap- 
pearance of  the  serpentine  rocks,  the  quantity  of  platinum 
beoomes  lees  and  less,  and  finally  nothing  in  places  where 
there  are  no  ontcrops  of  that  rock. 

The  platinum  oooors  in  the  form  of  grains  and  sometimes  ,^^^^ 
in  nuggets  of  greater  or  less  size.  Tbe  largest  nngget  so 
tax  found  weighed  about  22  pounds.  Platinam  is  also  ao- 
oomitanied  by  chromic  iron,  gold,  iridium,  and  iridosouine. 
The  average  tenor  in  metal  per  tonne  of  the  platiuiferous 
sands  is  from  6  to  8  grams,  or  about  one-fourth  of  an  ounce 
troy ;  sometimes  it  amounts  to  an  ounce  and  a  third.  Since 
the  discovery  of  tbe  platinum  deposits  in  the  district  of 
Kjjre-T^nilsk,  that  is,  from  1826  to  1877,  the  product  of 
that  metal  tliere  has  amounted  to  67,600  kilos,  or  148,810  lbs. 

The  average  quantity  of  platinum  now  annually  produced  ti^(^^2°^ 
in  the  districts  of  the  Ural  is  placed  at  1,C60  kilos,  or  3,360  ■>  ^  -^^"^ 
Ibe. 

The  piodoction  of  platinum  during  recent  years  is  given 
in  the  following  table : 


IVtMhotioii  <!/jiIa(tRiMt  tn  BvitiAa  dtiri»f  rtemt  yean. 


I  of  pWt- 
adaisaaii. 


T-> 

S 

^;£A 

Qamtlt? 

metel 
obUlned. 

m 

7M 

tot 

tot 

OOP 

pMdK 
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The  entire  product  of  platmnm  is  fumislied  fix>m  mines 
fi-  of  pri7ate  individuals,  and  situated  in  the  northerQ  portiou 
of  tbd  goyemment  of  Perm.  The  re&ning  of  the  metal  was 
formerly  done  wholly  in  the  mints  of  St.  Fetersbnrg,  bnt 
at  present,  since  the  removal  of  the  tax,  the  principal  por- 
tion is  exported  in  the  crude  state, 
suveraadie^  filter  and  lead.— The  following  table  shows  the  produc- 
tion of  these  metals  during  recent  years : 


liTBleot  Id  toDi  (2,000  pannde) 
.aim  lul  Avermge  for  too  ;««■,  oni 
Animal  aTecage  Ibc  Un  yetn,  loni 


FAudpd    The  silver  and  lead  product  of  the  year  1876  came  chiefly 
!^  from  Siberia,  as  shown  by  the  following  statement: 


DepKtBMint. 

II 
P 

1 

■s 

t 
•s 

I 

! 

Fo«U. 

1 

Pood*. 

According  to  the  published  data  of  the  Department  of 
EiteuiTede- Mines  there  are  no  very  extensive  deposits  of  rich  silver  ore 
!^e  nre  ia  the  kuowu  at  prescHt  Iq  the  Ural.  Occurrence  of  silver-bearing 
veins  are  described  in  the  official  papers  referred  to,  bnt 
they  do  not  appear  to  be  extensively  worked.  It  will  be  ob- 
served in  the  above  statement,  referring  to  the  year  1876, 
that  no  part  of  the  silver  prodnct  is  credited  to  the  UraL 
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Copper. — The  following  statement  Bbows  the  production  _ 
of  copper  in  BusBia  daring  recent  years : 
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Ton. 

1 

"^1 

1 

S 

1 

Foodi. 

]»70 

71 

S» 

!02 

fW 

1676 

71 

13 

03 

Copper. 
Table  of  capper 


'  2:n,37s 


Prodtiot  for  ten  yean - 

Bqulvalcmt  in  toni  (2.000  pmiida) . . . 
Annool  ■vsnge  for  ten  yean 


it,  043 

ai.OT 

16.73S 


The  sonrcee  of  the  copper  product  of  the  empiio  in  the   ^mrceeof  En»- 
year  1876  were  as  follows : 


QoTOnmeirt. 

^"£p'^ 

Bnnweiu'  Roiiii! '. '. '. 

.|''^« 

.!'."'r'/:--:-.-.::: 

!i  '^i 

- 

Tin. — The  following  data  concerning  tie  productiou  of  un. 
tin  are  drawn  fW>ni  official  sonrces : 


Te«^ 
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fomU. 
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RUSSIA. 


The  whole  of  the  tin  product  above  qaoted  was  furnished 
joneraivecoth.  jrom  a  single  mine  in  the  government  of  Yiborg,  in  Finland. 

Cobalt  and  Nickel. — ^The  production  of  these  metals  in  the 
Russian  Empire  during  recent  years  is  shown  in  the  fol- 
lowing table : 


Cobalt  snd 
niokei 


Table  of  pro- 
dnctioiL 


1887 
1888 
1809 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


t 


I 


I 


•1 
1 
1 
1 
1 


I 


1 
1 
1 

1 
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Poodt. 
6,220 
9,000 
7,716 
1,249 
649 


460 


a 

•s- 

M. 
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Poodt. 


2,803 
28,584 
22,933 
10,860 


'IE 
111 

7^ 


1 
1 
1 
1 


1 


o 


is- 

I 


>■§ 


I 
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1 

2 
2 


Poo<{«. 

1,306 

2,447 

1,660 

806 


188 


'3  . 

11 

"I 


POMb. 


26 
136 


o 

-81 
;t3 


106 
488 


Cobalt   ore 
the  Caaoaaoa. 


Ural 
nickeL 


oiea 


o^  The  ores  of  cobalt  were  mined  and  worked  in  the  depart- 
ment of  Elisabethpol,  in  the  Caucasus ;  those  of  nickel  in 
the  department  of  Perm,  in  the  Ural. 

In  the  Caucasus  the  cobalt  ore  is  described  as  occurring 
in  a  contact  vein,  lying  upon  a  mass  of  magnetic  iron. 
The  inclosing  rock  of  the  iron  deposit  is  a  diorite,  and  be- 
tween the  iron  and  the  overlying  country  rock  is  a  small 
vein  of  hard  green  diorite,  in  which  are  small  nests,  bunches, 
and  stringers  of  cobalt  ore  (smaltine),  mingled  with  iron 
and  copper  pyrites.  The  vein  was  originally  worked  daring 
several  years  for  copper,  the  cobalt  ores  being  rejected  as 
worthless.  The  percentage  of  cobalt,  according  to  analyses 
of  the  ore,  varied  from  17  to  nearly  28  per  cent.  The  ore 
contained  little  or  no  nickel.  The  vein  was  worked  during 
several  years,  but  the  supply  of  metal  having  given  out  and 
a  considerable  sum  of  money  having  been  expended  in  ill- 
directed  and  fruitless  prospecting,  the  enterprise  was  aban- 
doned. 

of  The  ores  of  nickel  in  the  CTral  occur  in  small  veins  of 
quartz,  traversing  schistose  rocks.  According  to  M.  Her- 
mann it  is  an  hydrated  silicate.  It  contains  18  per  cent,  of 
nickel  oxide. 
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Zine. — The  following  table  forDishes  the  official  data  con- 


BUB8IA. 


oeming  the  production  of  zinc  in  the  Russian  Empire  during  .ngMra2«Mia. 
recent  years : 


1807. 

1888. 

1880 

1870. 

1871. 

1872. 

1878. 

1874. 

1875. 

1878 


I 


10 


8 
6 
6 
7 
0 
6 
6 


I 


I 
§ 


Poodi. 
1,160,400* 
1,626,028* 
2,457,741 
2,666.754 
2,620,477 
4,888,845 
4,894,882 
6, 141, 105 
4,027,208 
3,749,415 


•«5 


s 


IP 

7a 


O  Pi 


4 
4 
4 
8 
4 
8 
8 
8 
8 
8 


I 


Poodf. 


88 

66 

128 

141 

91 

91 

71 

88 

127 


'.I 


tn. 


5 


PoodM. 
1,071,288* 
2,111,676* 
1,668,738 
2, 117, 318 
1,665,495 
1,459,668 
1,995,627 
2,118,011 
2,318,491 
2,649,848 


Product  for  ten  years 

EqnivalflEiit  in  torn  of  2,000  pounds 
Annnal  ayeniKe  for  ten  years 


II 


Table  of  pro- 
duction. 


Pooda. 
180,263 
198,259 
221,828 
230,776 
166,681 
188,144 
206,037 
251, 8U 
248,280 
282,196 


2,168,677 

89,158 

3,915 


"The  data  ftt>m  several  private  establishments  are  wanting. 

The  ores  of  zinc  produced  in  the  Russian  Empire  are  zinc  mines  of 
mined  entirely  in  Poland.  They  consist  chiefly  of  carbon- 
ates and  silicates,  associated  with  brown  hematite.  They 
occar  mainly  in  the  dolomite  beds  of  the  Muschelkalk  for- 
mation. The  principal  mines  are  in  the  neighborhood  of 
Oikusz  and  near  the  boundary  line  of  Silesia.  The  great 
zinc-bearing  district  of  Germany  is  therefore  continuous 
with  that  of  Russia,  the  division  being  merely  politicaL 
The  ore  occurs  in  masses  and  bunches  of  very  variable 
dimensions,  from  one  to  twelve  feet  wide,  and  in  several 
instances  possessing  very  much  greater  thickness*  The 
percentage  of  zinc  contained  in  the  ores  is  generally  from   Pewentage  of 

1  o  •/  metal  in  the  ore. 

8  to  14  i)er  cent.  A  large  portion  of  the  ore  is  obtained 
fix)m  open  surface  workings.  Subterranean  mining  is  car- 
ried to  a  considerable  extent,  but  not  generally  to  any  great 
depth  on  account  of  the  great  abundance  of  water. 

The  value  of  the  zinc  product  in  1876,  already  given  in  ,J5J^  ^  **»<» 
the  foregoing  table,  is  stated  at  about  800,000  rubles,  about 
$600,000. 
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Iran. — ^The  following  table  fdrnislies  official  data  concem- 
mneraivt^auh.  iug  the  prodactioii  of  iron  in  the  Russian  Empire  daring 
recent  years : 


Table  of  iron 
prodaction. 


Yean. 


1807. 
1888. 
1889. 
1870. 
18n. 
1872. 
1878. 
1874. 
1876. 
1876. 


o  3 

Jl 

1,033 

1,165 

1,283 

1,180 

1,270 

1,196 

1,387 

1,346 

1,311 

Poodt. 
36, 849. 139 
41, 285, 675 
42, 596, 508 
48, 703, 156 
48, 471, 967 
54, 510, 434 
55. 047. 471 
67, 021, 784 
64, 945, 155 
61,735,785 


d 
$ 


137    . 
155  I 
164 
163  ' 
150  ' 

155 ; 

157  I 

150  < 

151  I 


241 
245 
244 
243 
245 
247 
250 
254 


1887. 

1868 

1868. 

1870. 

1871. 

1872. 

1873 

1874. 

1875. 

1876. 


Prodaction  of  metal. 


I 


©a 


Poodt. 
37.003,329 
43, 048, 318 
43, 701, 469 
48, 464, 114 
48. 320. 281 
62,  nii,  174 
51. 533, 242 
51.  G49, 066 
55, 774. 227 
59, 396. 028 


Poodt. 
14,  642, 724 
10. 600, 101 
16, 043, 956 
18.557,412 
18, 834. 383 
21. 046, 077 
10, 070, 066 
19,  855, 709 
22, 571,  539 
23,  302, 037 


Poodt. 
2. 910, 109 
3, 187, 644 
3, 159, 008 
3,401,9U 
8, 099. 006 
3, 328. 956 
3, 494.241 
3,  :i37, 063 
8.48il,784 
3, 654, 70'J 


Total  for  ten  y  eara 

Eqnivalont  in- tons  of  2,000  ]>oanda 
ATiniiftl  average  for  ten  years 


Pood«. 
17,552,898 
19,727,745 
20,103,864 
21,9:>9,326 
21. 932. 988 
24. 374, 956 
23.464,307 
2:j,  212,  m 
26,  UGl.  323 
26,956,850 

225,347,025 

4,068,994 

406,900 


Sonrcea  of  iron 
piodnot  of  187& 


Of  the  above  nrodact  of  1870  there  were  25,03.'i,453  poods  of  cliarcoal  iron  and 
1,021,397  poods  of  iron  made  with  mineral  fuel 

The  iron  product  of  1876  was  derived  Irooi  the  following 
sources : 


GoTemment. 


Perm 

Onfa 

Kalonga 

Viatka 

NV)nl-NoTj:orod. 
EKateiinoslaT... 

Orenburg 

TamboT 

Blazane 

Vladimir 

Olonets 

Tonla 

Vihia 

Orel 

Volhynie 

Vologda 

Badom 

P6trokov 


Location. 


..  do 

..do 

...do  

...do 

...do 

...do 

..do 

...do 

..  do 

...do 

...do 

...  do 

...do 

..  do 

Poland 

....dp 


Number  of 

metallur- 
gical  es- 
tablish- 

Number of 
blast  f ar- 
naoes. 

Product  of 
metal. 

ments.  . 

Poodt. 

48 

71 

13.939,458 

8 

18 

2,407.927 

14 

18 

1,317,010 

6 

12 

1,813,249 

6 

10 

1,234,065 

1 

2 

1,021,897 

8 

6 

704.920 

2 

3 

238,024 

8 

8 

208,727 

2 

8 

184,760 

8 

8 

167,265 

1 

1 

122,935 

2 

2 

84,777 

I 

1 

62,726 

8 

8 

66.000 

2 

2 

12,131 

20 

28 

1,375.203 

8 

10 

84L600 
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Iron  produd  of  1876,  ^o. — Contintied. 


BUiOA. 


GoirenuDont. 


Kelii* 

Knopio 

Abo    

Saint  Miohel 

Kvland 

Uleaborg 

Viborg 

Irkofitak  .... 
leniaseiEBk  ... 
TnuwbaiCkja . 
Tomsk 


Locatioii. 


Poland.. 
Finland. 
...do... 
..  do... 
...do... 
...do... 
...  do... 
Siberia.. 
...do... 
...do... 
...do... 


Number  of 
metallur- 
gical ee- 
tsbliah- 
ments. 


Number  of 
blaatftxr- 


8 
6 
8 
8 

4 
2 
2 
1 
1 
1 
1 


4 
7 
8 
4 
4 
2 
2 
2 
1 
1 
1 


IffiiinTl  Mnaltft. 
Iron. 
Sonroeeof  iron 


Product  of  product  of  187& 
metaL 


Poodt. 

178»920 

600.866 

806^777 

249,300 

207,268 

112,797 

01,802 

161,110 

87,097 

71,100 

80,888 


The  principal  portion  of  the  iron  product,  as  may  be  seen 
in  the  foregoing  table,  comes  from  European  Bassia  and 
the  regions  of  the  Ural  Mountains.  The  prevailing  ore  of 
those  districts  is  brown  hematite.  Magnetite  is  found  in 
very  many  localities,  but  is  less  extensively  worked.  Car- 
bonate ores  are  generally  of  rare  occurrence. 

The  following  table  shows  the  production  of  wrought  iron 
and  steel  during  recent  years : 


1867 
1868 
1800 
1870 
1871 
1872 
1878 
1A74 
1875 
1876 


Wrought  iron 
inbu8,roda, 
and  anndry 
fionna> 


Poods. 


10,618,860 
11,241,170 
U,  071, 450 
12,420,006 
18, 043, 881 
12, 026, 281 
H  801,  375 
14*842,451 
13, 853, 076 


Sheet  iron 

of  aU 

kinds. 


Poodt. 


8,173,000 
8.204.041 
3,246,440 
3, 086, 317 
8, 324,  505 
8,650,106 
3,073,745 
8,705,208 
4,016,220 


Total 

Number 

wrought 

of  steel 

iron. 

furnaces. 

Poodt. 

11,457,645 

13,660,860 

707 

14,446,411 

405 

15. 217, 008 

485 

15.506,413 

372 

16.368,476 

813 

16,585,387 

472 

17, 975, 120 

711 

18, 547. 650 

828 

17,860,305 

681 

Product  of    TaWeofproduo- 
forged      ^^  ^^  wrought 
and  oaat    ^^  ^^'^  steeL 
steeL 


Poodt. 
882,564 
668,886 
430,070 
636,066 
442,241 
511.727 
646,088 
460.718 
780,263 
1,003,757 


Ooal. — ^The  ofiScial  statistics  of  mineral  fuel  furnish  the   ccaL 
following  data  conceriiing  its  production  during  recent 
years: 


Number  of 
ooIUerles. 


1807. 


1870 

1871 

1872 

1878 

1874 

1876 

1876 

1878,  tons  (2,000  pounds) 


248 
198 
827 
848 


803 
504 
640 


Quantity  of 
Bitumin- 
ous coal 
produced. 


Poodt, 
10,618,026 
21,026,657 
24,871.106 
28,661.400 
85,000,156 
46,076,824 
44.637,625 
62,418.770 
76.651,713 
76, 210, 786 
1,876.106 


Quantity  of 
anthracite 
produced. 


Poodt. 

6,008.188 

6,465,141 

11,064,248 

13,017,871 

14,100,466 

20,262,302 

24, 704, 676 

23,714,063 

25,728,782 

33,274,467 

600,823 


ous  schists 
produced. 


Poodt. 

80,000 

160,141 

800,784 

661,728 

1,464,041 

1,684,116. 

2,244,028 

2,670,205. 

2,067,622 

1,787,245 

82,272 


Total  min- 
eral fhel 
produced. 


Table  of  pro- 
duction of  cciiL 


Poodt. 

26,606,216 

27,682,141 

86,786,148 

42,230.580 

60,654^662 

67;  022, 742 

71,486,328 

78, 813, 137 

104, 848. 067: 

lU,  272, 448 

2,000^200. 


17  P  B ^VOL  4 


258 


UNIVERSAL   EXPOSITION   AT   PAUIS,  1878. 


BU88IA. 


The  anthracite  product  in  the  above  table  is  from  the 

^^aivfeaUh,  basin  of  the  Donetz. ,  In  1877  the  mining  of  anthracite  in 

Ajathxadte,  lig-  the  department  of  Olonetz  was  commenced.    The  lignite 

and  bitaminoas  schists  come  mainly  from  Soathern  Bussia 

(£[iev-Elisabethgrad),  partly  from  Poland,  and,  to  a  small 

extent,  from  the  Caucasus  and  Turkestan. 

The  product  of  mineral  fuel  in  1876  came  from  the  fol- 
lowingnamed  sources : 


Sources  of  mm- 
oral  ftiel,  1876. 


Ctovemment. 


Don 

Ekaterinoalav 

Tonla 

BiAoaae 

KioT 

Penn 

Esthonle 

P6trokoY 

Akmolinsk  ... 

EonUtja 

Siv-Daria 

TomBk 

Littoral 

Koaban 

EoataSa 


Lo<»tlon. 


EoTopeaii  Bnsala 
do 


do... 

do 

do... 

do... 

do 

Poland 

Kireheae  ., 
TuraeBtan 

do... 

SUHffia 

do... 

Canoaans  . 
do... 


Pooda. 


41,964,529 

16,4d8.4»4 

13,224,846 

7,452,500 

1,453,478 

1,075,597 

3.00O 

27,068,407 

872,623 

206^032 

50,000 

204,970 

123,166 

281,000 

62,000 


Petrolenm. 


Petroleum. — The  official  statistics  furnish  the  following 
data  concerning  the  production  and  distillation  of  petro- 
leum during  recent  years : 


Table  of  pro- 
duction and  dis- 
tUlntion  of  petro- 
laum* 


Yean. 


1867 
1868 
1860 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


Nnmberof  ^^\^}l^J 


artesian 
wella. 


771 
097 
733 
636 
5<F7 


Grade  pe- 
troleum 
obtained. 


Pood$. 

008,005 
1,753,084 
1,685,220 
1,704,455 
1, 375, 523 
1,535,081 
4, 176, 886 
6,208,710 
8,174.440 


Number  of 
distilla- 
tion es- 
tabliab- 
menta. 


Qoantityof 
oil  pro- 
dnoou. 


63 

00 

110 

106 


Poodt. 


61K546 
1,254,441 
1,400,506 
2,297,704 


Quantity 
of  sun- 
dry pro* 
ducn. 


Poocb. 


5,076 
41.100 
56^487 
41,760 


souroea  of  pe-     The  souTces  of  the  above  product  are  almost  altogether 
™^  in  the  Caucasus,  a  small  proportion  coming  from  Southern 

Bussia  and  the  ELirghese  district.  In  1877  the  production 
of  petroleum  and  the  distillation  of  mineral  oil  increased 
largely,  the  department  of  Bokou,  in  the  Caucasus,  pro- 
ducing 12  million  poods  of  petroleum  and  furnishing  4 
million  poods  of  mineral  oil. 
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nusfiXA. 


Mineral  tMdUlL 
Salt 


Salt. — ^The  official  statistics  famish  the  following  data 
conceniiDg  the  production  of  salt  during  recent  years : 

Quantity  prodaoed  (poods).     Prodnctioii    of 

1867 44, 228, 075  «»lt«  1887-1876. 

1868 36,798,253 

1869 39,876,926 

1870 36,114,580 

1871 28,254,530 

1872 39,712,311 

1873 50,39d,710 

1874 46,947,518 

1875 37,991,399 

1876 42,508,217 

Product  of  1875,  equivalent  in  tons  (2,000  pounds) 767, 372 

The  piinoipal  portion  of  the  salt  product  is  obtained  from   sonrcea  of  anp- 
saline  lakes,  about  one-third  from  evaporation,  and  a  small  ^  ^' 
portion  from  rock-salt.    Large  deposits  of  the  latter  are  said 
to  have  been  recently  discovered  by  borings. 

Chromic  iron. — ^The  official  statistics  show  the  following   Cbromic  iron. 
oonceming  the  production  of  chromic  iron  daring  recent 
years.    It  is  mainly  derived  from  the  departments  of  Perm, 
Orenburg,  and  Oufa,  in  European  Russia : 


Years. 


vm 

1868 
18» 
1K70 
1871 
1872 
U73 
1874 
1875 
lg76 


chromiciron  Auction, 
obtaiaed. 


pro- 


Poodi. 

41,084 
66,881 
600,024 
460,978 
87^540 
391,809 
316,561 
209,848 
58.167 


Ort^hite. — ^The  official  statistics  show  the  following  con-   Graphite, 
eeming  the  production  of  graphite  during  recent  years.    Its 
chief  source  is  the  territory  of  Semipalatinsk  (Kirghese  dis- 
trict) and  the  department  of  Perm : 


Years. 


1867. 
li«8 
1873 
1874 
187S 
1876 


^    ^     ^      Table  of  pro- 
Product,  daotion. 


Poodt. 
4,000 
5,168 
2,000 
4,178 
18, 500 
7,100 


inr. 


Sulphur. — ^There  is  one  mine  of  sulphur  and  one  refinery    sniphi 
in  Poland  (department  of  Keltze).    The  product  of  refined   Prodnotioo. 
sulphur  m  1875  was  31,100  poods ;  in  1876  the  product  was 
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_  18,379  poods.  Exploitations  of  snlphor  have  recently  been 
uinenivf€auh.  ooiumenced  in  the  territory  of  Dagnestan,  in  the  Caacasos. 
staUsticB.  The  total  namber  of  laborers  employed  in  the  mining  in- 

dustry of  Eossia  amounted  in  1876  to  285,758. 

The  horse-power  of  machines  employed  in  1876  in  the 
mines  and  metallurgical  works  of  the  empire  is  stated  at 
65,717. 


Condition  of 
the  metallarfldcal 
industry  of  Kos- 
sia. 


The  metallurgical  industry  of  Eussia  is  far  behind  the 
needs  of  the  country.  This  remark  applies,  however,  more 
to  the  extent  of  its  development  than  to  its  methods,  and 
more  to  the  quantity  than  to  the  quality  of  the  products. 

Within  recent  years  &a  increased  activity  in  metallur- 
gical industry  has  been  noted.  The  abolition  of  serfdom  in 
1861,  the  expansim  of  the  system  of  railways,  and  the  in- 
creased use  of  domestic  min^^al  fuel  are  among  the  princi- 
pal causes  that  have  already  promoted  and  are  likely  still  to 
advance  the  development  of  this  branch  of  industry.  The 
.  Liberal  poUcy  administration  of  the  Department  of  Mines  pursues,  on  be- 
tion.  "     half  of  the  government,  a  very  liberal  policy.    A  large  corps 

of  engineers  are  employedconstantly  in  visiting  the  various 
sections  of  the  empire,  studying  and  mapping  the  geology 
and  obtaining  all  available  information  tending  to  promote 
Che  development  of  the  mineral  resources  of  the  country ;  and 
i*x>mx)etent  men  are  sent  from  time  to  time  to  visit  all  por- 
tions of  Europe  and  America  for  the  purpose  of  noting  and 
introducing  at  home  any  desired  improvements  in  their 
methods  of  work, 
of  the^^wBtpS  ^^^  products  of  mineral  industry  in  Eussia  are,  in  many 
soia^aon*^  <^* rcspccts,  insufficient  to  supply  the  demand,  and  the  impor- 
tation of  metals  and  minerals  generally  exceeds  their  export. 
To  what  extent  this  is  true  is  partly  indicated  by  the  follow- 
ing statement  of  imports  and  exports  for  the  year  1876 : 


Table  of 
exports  and  im- 
ports. 


Platinom 

Sr."".;;:;:.;. 

Zino 

Cast  iron  (pig). 
Wronchtiron.. 

Steel 

Petrolenm 

Salt 

Coal 


MannikctiiTes  in  metal 

Machines 

Mannthotores  in  gold  and  silver. . . 


Importation. 


From 
Euope. 


Poodt. 


357,044 

1,864,229 

80.724 

2,965,032 

8,022,786 

10,820,849 

2,622,486 

17.279.925 

88,189,200 

Sublet. 
26,825,836 
27,154,887 
610,887 


From  Asia. 


Poodt. 


1,091 

9.709 

851 


4,900 
8,104 
8,198 


48, 655 

BiMet. 
138,952 
60,089 
1,844 


Exportation. 


To  Europe. 

To  Asia. 

Poodt. 
66 
12.804 

Poodt. 

<62i 

240 

105,107 

380 

858,646 
4,830 

2,919 
84,476 

SiMtt, 
140.149 
127,028 
424,426 

94,948 
10,843 
90;  854 
18,835 

SMet. 
293,710 

i^'iso 
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Among  the  principal  prodacte  imported  into  Eossia,  ac-  _ 
cording  to  the  foregoing  table,  are  coal,  castiron,  wrought 
iron,  steel,  copper,  and  salt.  The  following  statement  shows 
the  sources  from  which  those  imports  were  derived  in  1876 :  I'oreinii 

•^  of  sapply. 


soaroes 


Cmmtries. 

CoaL 

Cast  iron. 

Wrought 
iron. 

Steel  and 
steel  ralla. 

Copper. 

Salt 

Great  Britain 

Germany. 

A  nninna 

Pood*. 

68,467,021 

22,606,138 

1,054,884 

90,007 

Poodt. 
1,920, 267 
561,282 

Pooda. 

2,987,677 

3,460, 666 

33,465 

64,676 

Poodt, 
5,283,832 
2,483,604 

Poodt. 

177,128 

125,115 

1,223 

22,786 

Poodi, 
4,680,004 
7,024,501 

"FnOkC^  -  r .  X    - 

79,816 

66,446 

Spain     

1,488,681 
597,311 
203,218 

X^rtusjEl 

••*•••  •"•#•• 

Sweden  &  Norway. 
Holland 

214*  028 
7,987 

39,784 
1,250,983 

85,206 
1,208,838 

1,868 

TW^lirinin 

1,220 

17.060 

415^282 

48,308 

66,719 

Xurfcev     . . .  -  r  - . .  - 

RonniMiii^i  -  -  

858,884 

87,884 

VL 
'^^^'"'  SWEDEN. 

THE  SWEDISH  EXHIBIT. 

show  (rf^ron^  ^^  ^*®  ^^*  ^^^^  ^  ^®^  display  of  iron  and  iron  ores  that 
iron  ores.  Sweden  surpassed  other  countries.    The  admirable  explana- 

tory literature  prepared  for  the  occasion  under  the  auspices 

ii^kto^^uteiB^  of  the  Swedish  Government  was,  on  the  whole,  unequaled. 
tare.  One  of  the  capital  volumes  distributed  m  the  Swedish  pa- 

ThQ'' Bouawne^^^^  was  entitled  Boyaume  de  Suede^  Ea^os6  Statistique, 
IsteSjft&^/^tho  ^^^  contains  a  complete  series  of  papers  touching  on  all 
«o"j;ce,  of   the  the  social,  industrial,  educational,  and  scientific  features  of 

antbor'sinformft-  '  '  ' 

tion.  the  country,  written,  too,  for  the  most  part,  by  well-known 

specialists.  It  would  be  a  waste  of  time  to  attempt  any  im- 
provement upon  the  account  of  the  mineral  industries  of 
Sweden  given  in  this  manual,  and  the  following  pages  con- 
sist essentially  of  literal  translations  from  it,  abbreviated 
where  the  original  seemed  fuller  than  was  needful  for  the 
purposes  of  this  report. 

lo  ic^wndit&M     ^w®<i®ii  iS)  s<>  *o  speak,  made  up  of  the  extremes  of  the 

of  Sweden.        scries  of  gcological  formations.  The  crystalline  rocks  of  the 

primary  formations  are,  as  a  rule,  immediately  covered  by 
the  soft  beds  of  the  Quartenary  epoch,  and  only  a  small 
portion  of  the  intermediate  formations  are  represented.  Of 
these  the  Silurian  covers  the  greatest  area. 

Throughout  vast  regions  the  country  consists  of  rocks  of 
the  primary  formations,  gneiss  alternating  with  other  sedi- 
mentary rocks  of  the  same  period  and  even  with  granite. 
The  gneiss  for- In  Swodcu,  as  iu  Other  countries,  one  grand  di\asion  of  the 
territory  occupied  by  this  rock  is  composed  of  red  gneiss, 
another  of  gray.  The  gray  gneiss  extends  over  most  of  the 
eastern  portion  of  the  country,  the  red  over  the  western. 
Another  division  of  primary  origin,  probably  later  than 

eiSte^OT^!**"*  the  preceding,  consists  of  the  group  called  eurite  or  petro- 

silex  (halleflj^ta).  Although  they  cover  a  relatively  insig- 
nificant territory,  these  last  rocks  are  of  great  industrial 
value,  inasmuch  as  they  contain  the  most  important  deposits 
of  iron  ores,  which  do  not  occur  as  veins,  but  in  beds  or  len- 
ticular masses  evidently  formed  at  the  same  time  with  the 

renc?*of°1roni  inclosing  rocks.    The  same  is  the  ca«e  with  certain  of  the 

^  and  copper  ^i^p^gj^g  ^^  ^iuc  and  of  coppcr. 
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So  far  as  is  known,  coal  occurs  in  Sweden  only  in  the  ex-      bwkdkx 

treme  southern  province  in  the  Malmohus  district.   The  geo- 
logical horizon  of  the  coal  beds  is  not  definitely  determined,    ^°^' 
but  is  commonly  referred  to  the  Trias  or  the  Jura.    They 
have,  however,  been  worked  at  long  intervals  since  the  mid- 
dle of  the  eighteenth  century. 

The  greater  part  of  the  coal  extracted  has  been  won  in  the 
neighborhood  of  Hoganas,  in  the  northern  portion  of  the    Hogante  field, 
field.    At  this  point  there  are  two  seams.    One  of  these, 
varying  in  thickness  from  six  to  eighteen  inches,  is  aban-    Qa*iity  ot  th© 
doned ;  the  other  is^  to  be  sure,  some  four  fieet  six  inches 
thick,  but  contains  only  about  seven  inches  of  good  coal 
and  tiiirteen  inches  of  poor  coal,  the  remainder  being  com- 
posed of  bituminous  shale  partings.   Below  the  coal  is  a  bed 
of  fire-clay  about  five  feet  in  thickness,  which  is  mined  with    nre-oiay. 
the  coal  to  some  extent.    The  coal  called  second  quality 
contains  20  per  cent,  ash,  and  the  third  quality  no  less  than 
42  per  cent    The  quantity  of  coal  mined  in  1876  was  nearly ,  9S^'**  ^  *^^ 
3,700,000  cubic  feet  (or,  roughly,  80,000  tons).    The  produc- 
tion has  doubled  since  1871. 

Active  explorations  have  been  going  on  by  boring  in  the 
coal  district,  and  to  some  extent  with  satisfactory  results, 
several  seams,  some  of  them  much  thicker  than  that  of  Ho- 
ganas, having  been  thus  discovered ;  but  usually  much  of 
the  thickness  is  shale  and  clay.  The  refractory  clays  are  of 
superior  quality,  and  are  extracted  in  large  quantities.  ©oS?*^*^  **^  **** 
Most  of  the  coals  are  unfit  for  making  coke. 

The  importation  of  coal  and  coke,  which  comes  almost  ex-   importsofcoai. 
clusively  irom  England,  has  increased  constantly  during  the 
last  decades.    In  round   numbers  the  quantity  imported 
was — 

In  I860 12,000,000  cnbio  fuet,  or,  flay,  260,000  tons. 

In  1870 21, 000, 000  cubic  feet,  or,  say,  470,000  tona. 

In  1876 38, 000, 000  cnbic  feet,  or,  say,  840, 000  tons. 

If  Sweden  is  wretchedly  off  for  coal,  it  at  least  has  abun-  p^^'™*^®"**  **^ 
dance  of  peat.    Becent  explorations  have  proved  that  the 
peat  marshes  cover  one-tweliUi  of  the  area  of  the  coun-p^^^J^i^'^*'*® 
try,  and  that  the  average  thickness  of  the  peat  in  these 
marshes  is  two  meters.    For  the  past  few  years  the  high 
price  of  coal  and  'Hhe  zeal  of  a  number  of  patriots"  have 
greatly  stimulated   the  raishig   and    application  of  this 
fuel  to  such  an  extent  that  at  least  eight  times  as  much  peat  pi^^Jf  peSt 
is  now  extracted  as  in  1805.    No  official  statistics  as  to  the 
amount  of  peat  raised  exist,  but  it  is  believed  that  at  least 
450  machines  for  making  peat  are  at  work,  and  that  they 
will  turn  out  an  average  of  5,000  tons  a  year  each.    Several  ^^^u^  ^^ 
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machines  are  mentioned  in  the  report,  but  that  of  Eichorn, 

Peat  machines,  which  makes  the  peat  into  balls,  as  improved  by  Horn  and 

Thiinberg,  seems  to  enjoy  special  favor. 

inS?2lf  iS**t?e     There  are  districts  in  the  United  States  where  peat  is  the 

SSS^ic^'appi®  "^^st  plentiful  fuel.    We  have  therefore  a  direct  interest  in 

cations  of  peat,    the  Swcdish  cflEorts  to  render  it  a  convenient  one.    No  men- 

tion  is  made  of  the  metallurgical  api)lication  of  peat,  though 
^^UMto Siemens }t  is  well  kuowu  that  it  is  applied,  to  some  extent,  in  the 

manufacture  of  gas  for  Siemens  iumaces. 
oreifSsw^en!"     ^*  ^®  ^^  coursc  in  its  admirable  iron  ores  that  Sweden  pos- 
sesses its  chief  mineral  wealth.    Professor  Akerman  con- 
tributed a  special  memoir  on  the  Swedish  iron  industry  to 
the  literature  of  the  Exposition,  and  by  far  the  greater  part 
of  the  exhibits  related  to  that  metal,  with  whicb,  however, 
this  report  is  not  concerned. 
try^^t^totiSit     ^®x^  ^  iro^j  copper  is  the  most  important  metal  obtained 
of  iron.  jn  Swcdcn.    The  most  productive  copper  mines  are  those  of 

Fahlun  and  Atvidaberg,     The  former  is  about  120  miles 

northwest  of  Stockholm ;  the  latter  a  few  miles  nearer,  in  a 

Looaiitiea  of  southwesterly  direction.    Copper  ores  are  also  obtained  in 

thecopperminee.  ..  -  .  ,,  ,,,.  ,.       -       j    ■■ 

numerous  other  places  m  smaller  quantities.  Lapland  has 
a  copper  mine  at  Svappavara,  the  importance  of  which  has 
been  much  exaggerated. 
Varieties  of  The  chicf  orc  of  copper  is  chalcopyrite.  Variegated  copper 
ore  and  coi)per  glance  are  rare.  With  a  view  to  economiz- 
ing fuel,  which  was  constantly  rising  in  price,  an  elaborate 
ore-dressing  establishment  was  constructed  at  Fahlau  some 
ten  years  since,  but,  in  spite  of  admirable  organization,  the 
meSwis!*"^  ^  lossof  coppcr  in  theore-dressing  operations  was  too  great,  and 

extraction  by  wet  methods  was  adopted,  instead  of  concen- 
tration and  smelting.    The  greater  part  of  the  copper  is  now 
The  present  extracted  by  chloridizing,  roasting,  leaching,  and  precipita 
process.     ^.^^  ^.^^^  .^^^  spouge,  the  copper  precipitate  being  refined 

in  gas  furnaces.    At  Atvidaberg  the  old  method  of  smelting 
The   smeitinj^ig  g^in  pursucd.    The  Tcgulus  produccd  by  smelting  the  ore 

pTwCeSB. 

is  roasted  and  reduced  to  black  copper,  which  is  subse- 
quently refined  in  reverberatory  furnaces.    The  smelting  of 
the  ore  and  calcined  regulus  is  carried  out  in  blast  furnaces. 
Production.         In  1876  901  tons  of  copper  and  28G  tons  of  sulphate  were 
Workmen.      produccd  in  Swedcu.    The  number  of  workmen  employed 
in  this  industry  was  1,455.    The  production  of  copper  has 
undergone  a  sensible  diminution  in    the  course  of  late 
years.    It  reached  its  maximum  in  1869,  when  it  amounted 
to  about  2,300.    Some  350  to  500  tous  commonly  remain  in 
the  country ;  the  remainder  is  exported.    Copper  ore  is  also 
Export.         exported  to  England.    In  1871  this  exportation  was  in  the 
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ueighborhood  of  1,600  tons,  but  had  sunk  to  half  this  amount      sy^vj^- 

in  1876. 

Copper  is  worked  up  in  part  in  the  smelting  works  and   Copper 
in  special  rolling  mills,  partly  by  coppersmiths  in  town  aad 
country,  and  in  part,  and  that  on  a  large  scale,  by  the  great  dSS  oFSe  wp^ 
machine  shops  of  the  country.    The  manufacture  of  appa-  v^^- 
ratus  for  the  distillation  of  spirits  is  one  of  the  principal 
branches  of  the  Swedish  copper  industry. 

Gold  is  extracted  at  present  only  from  the  copper  pyrites   ®®**- 
of  Fahlun,  and  to  the  extent  of  some  half-dozen  kilos  per 
year. 

Lead  and  Silver. — ^The  principal  silver  mine  of  Sweden  is  i-eadandsUver. 
the  old  and  famous  one  at  Sala.  Its  production  is  insignifi- 
cant now  in  comparison  with  its  former  yield,  and  in  1876 
was  only  798  kilos.  All  the  silver  is  produced  from  lead 
ores,  and  of  lead  as  well  as  of  silver  only  a  very  small 
quantity  is  now  produced — some  300  tons. 

NiokeL — Nickeliferous  ores  are  of  frequent  occurrence  in  NiokeL 
Sweden,  but  comparatively  seldom  in  paying  quantities. 
The  principal  mines  are  at  Kleva,  in  the  province  of  Jon- 
koplng,  and  at  Sagmyra,  in  Dalecarlia.  The  product  con- 
sists of  an  aUoy  of  nickel,  more  or  less  rich  in  copper,  of 
which  somewhat  less  than  a  ton  was  produced  in  1876.  At 
TUni^berg  about  a  thousand  pounds  of  clean  cobalt  ore  was 
extracted  in  the  same  year. 

Zine  occurs  only  as  a  blende,  of  which  there  are  several   zino. 
mines.    The  most  important  is  that  of  Ammeberg,  which 
bes  between  the  great  lakes  Werner  and  Wetter.    It  belongs 
to  the  famous  Belgian  company  La  VieUe  Mantagne.    The  ^'^®o^'^™™®- 
product  of  this  mine  was  about  1,300  tons  of  ore  in  1860, 
but  since  1865  the  output  has  been  from  25,000  to  30,000 
tons.    Adding  the  product  of  mines  in  the  provinces  of 
Orebro  and  Kopparberg,  the  total  production  for  1876  '^^^^  rfSlttlsTlf °  ^ 
35,523  tons.    The  ore  is  concentrated  by  roasting,  leaching, 
and  dressing,  and  is  thus  exported.    ISo  metallic  zinc  is 
produced  in  Sweden.    Manganese,  iron  pyrites,  for  sulphuric 
acid  manufacture,  etc.,  and  graphite  are  mined  to  a  small 
extent. 

Metal  working  in  its  various  branches  is  carried  on  with    ?^A*rt:'^®'^^*^8 
some  activity  for  the  supply  of  the  home  market.    There  are 
four  brass  works  in  the  country,  several  German-silver  fac- 
tories, silver-plating  establishments,  and  the  like. 

The  greater  portion  of  the  surface  of  Sweden  is  composed  h^SstOT*"? ^J^ 
of  hard  and  compact  rocks  belonging  to  primitive  formations,  Swedish  rockB. 
such  as  gneiss,  eurite,  granite,  etc.,  and  it  is  in  these  rocks  » 

that  most  of  the  ore  deposits  are  found.    In  consequence  of 
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8WM»N.      this  feet,  prospecting  by  boring  has  not  been  so  much  prac- 
ticed in  Sweden  as  in  some  other  conntries.    The  position 
Prospoctingby  and  cxtcnsion  of  deposits  of  iron  ore  have  been  for  a  century, 

praotfoed.         and  are  still,  investigated  by  the  magnetic  needle.     It  is 

certainly  incorrect  to  speak  of  this  method  of  prospecting 

for  magaetic  ores  of  iron,  as  the  Swedish  commissioners  do, 

as  preaque  imoonnm  d,  Vitranger.      Professor  Thal^,  the 

invesUgatioii  well-known  physicist,  has  lately  mounted  the  needle  as  an 

needi^  "^^^  ^  instrument  of  precision,  and  has  shown  how,  by  a  consider- 
able number  of  observations  on  the  deflections  of  the  needle 
above  a  dex>osit  of  iron  ore,  the  positive  and  negative  poles 
of  the  magnetic  mass  can  be  determined.  Between  tJiese 
points  lies  the  greater  portion  of  the  ore  body. 
Boring  appft.  The  apparatus  most  used  tor  boring,  where  this  method  is 
practicable,  is  that  of  Mortensen.  The  diam<»id  drill  and 
the  Chinese  rope-drill  have  also  been  applied.  For  drilling 
short  holes  many  machines  have  been  tried.  The  ^^  Iron  Bu- 
reau'' (Jem  Kontoret)  had  a  series  of  competitive  trials  exe- 
cuted at  its  expense  with  the  machines  of  Burleigh,  Schranu 
Band,  IngersoU,  and  Oederblom.     Our  authority  reports : 

Diamond  and  <<The  rcsult  of  all  thcsc  trials  has  been  that  machine  drill- 
other     maohino  •/•/*«., 

drills.  mg,  far  from  being  cheaper  than  hand  work,  cost  much  more 

in  most  cases,  a  circumstance  due  principally  to  the  as- 
Compariwn  touishiug  dexterity  of  our  miners."    It  would  be  interesting 

of  maohino  and        -  i.  /»■•./»■• 

hand  drilling,     to  kuow  Something  of  the  SLze  of  the  openings  where  the 

trials  were  made,  etc.,  in  order  to  gage  the  extent  of  our 
astonishment. 

Swedish  mining  machinery  offers  no  special  points  of  in- 
terest.    Access  is  obtained  even  to  the  mines  at  Fahlun 

Miners' ladders.  (1,200  tect)  and  Sala  (1,100  feet)  by  ladders  only*    Little 
Drainage  and  troublc  is  experienced  with  water,  and  pumping  and  hoist- 

hoisting  works.  ^^  ^^^  commouly  cfEected  by  power  derived  tcom  water- 
wheels,  for  water-power  is  more  generally  available  in 
Sweden  than  in  almost  any  other  country. 


vn. 

NORWAY.  '<>»^^^- 

THB  N.OBW£aiAN  EXHIBIT. 

The  Soaudinavian  peninsula  is  a  geological  anit,  and  what 
has  been  said  of  the  geology  of  Sweden  is^  for  the  most  part, 
equally  true  of  Norway.  The  deposits  of  lignite  in  the 
southern  province  of  Sweden  do  not  extend  into  Norway, 
and  the  kingdom  is  practically  without  coal  or  lignite,  ^'g^^?'*'*^ 
Even  the  formations  where  such  might  be  looked  for  are 
confined  to  the  portion  of  the  country  lying  within  the 
Arctic  Circle. 

The  fundamental  rocks  of  Norway  are  assigned*  by  Nor- ,  :^»  j»  $>»«  ««<>- 

^  c?  «/  logical  oharaoter 

wegian  geologists  to  the  Azoic  epoch,  in  which  is  included  oT  the  rooks  of 
what  Hunt  and  other  American  geologists  call  the  Eozoic 
or  Archsean,  as  well  as  the  earlier  gneiss.  The  close  of  the 
Archaean  period  in  Norway  was  marked  by  eruptions  of 
granite,  forming  in  part  ranges  of  hills,  in  part  irregular 
masses.  These  granites  are  frequently'  accompanied  by 
gcLbbrOji  and  possess  great  importance  with  reference  to  the 
deposits  of  ore. 

Immediately  after  the  great  topographical  changes  pro-  ^J^jj**"  ""^ 
duced  by  the  eruptions  of  granite,  and  possibly  while  they 
were  still  going  on,  began  the  deposition  of  the  Taconic 
beds.|  These  beds  rest  uuconformably  on  the  older  strata 
and  are  three  in  number.  The  second  has  been  identified  as 
corresponding  to  the  Potsdam  epoch  in  the  United  States. 
The  Taconic  beds  cover  a  very  large  proportion  of  the  area 
of  Norway. 

Important  occurrences  of  eruptive  rock  are  also  met  with  Eruptive  rooi». 
which  are  referred  to  the  close  of  the  Taconic  era.     The 
eruptive  rock  is  mainly  gabbro,  but  granite,  syenite,  and 
diorite  of  seemingly  eruptive  character  are  also  referred  to 
the  same  period. 

The  Silurian  and  Devonian  formations  occur  mainly  in  ^  sonriw  and 

DevoDian  forma- 

two  considerable  areas,  the  one  at  and  north  of  Ghristiania,  tiooB. 

*  Le  Boyavme  de  Ncrt4ge  et  U  Peuple  Narv4^»y  par  \e  Dr.  O.  O.  Broch, 

p.  108. 

1 A  variety  of  greenstone ;  equivalent  to  the  J^.  Euphotide, 

tThe  Taconio  system  of  Emmons  is  nearly  synonymous  with  the 

Lower  and  Middle  Cambrian  of  Sedgwick  and  others. 

267 
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NOBWAY.  the  other  in  nearly  the  northernmost  portion  of  the  conntiy. 
Eruptive  rocks  are  assigned  to  periods  during  the  Silurian 
and  succeeding  the  Devonian. 

Pe^Boferap.  Four  outbursts  of  plutouic  rock  are,  then,  recognized  in 
Norway :  An  Ante-Taconic,  a  Post-Taconic,  a  Silurian  erup- 
tion, and  one  in  Post-Devonian  times. 

AiMenceof  cer.     Tliroughout  Southcm  Norway  all  the  formations  from  the 

tain  foimatians.  ^  *' 

Devonian  to  the  Post-Tertiary  are  wanting. 
On  the  little  island  of  Andoe,  off  the  northwest  coast  of 
Coal  aeama.     Korway,  occur  coal  seams  determined  by  Dahll  as  Jurassic 

These  seams  are  thin,  varying  from  4  to  20  inches,*  and  are 

at  present  of  no  practical  value.    In  Finmark,  the  northern- 
Graphite,       most  province  of  Norway,  there  are  also  beds  of  graphite, 

supposed  to  be  of  Garboniterous  origin. 
The  connection  between  the  ore  deposits  of  Norway  and 

its  geological  structure  is  interesting.    Norway  is  the  home 
TheFahXbandi.  of  the  FaMbatidSj  OT  the  impregnated  zones  of  rock,  and 

these  deposits  are  almost  uniformly  at  or  near  the  coat 
The  positions  tact  betwccn  the  eruptive  crystalline  rocks  and  the  more  or 

of    their    oocar-  *^  »' 

rence.  less  mctamorphic  sedimentary  strata.    Thus  to  the  west  and 

northwest  of  Kongsberg,  at  the  limits  of  an  Ante-Taconic 

granite  area,  occur  masses  of  gabbro.    Near  the  gabbro  the 

MetaUicdOTHM.  adjoining  ^'  Azoic''  rock  contains  the  famous  deposits  of  na- 

bandi.  ^^^    "^  tive  silver  and  silver  ores — veins  in  Fahlbands,    The  cobalt 

deposits  of  Snarum  and  Modum  and  the  nickel  deposits  of 
Bingerike  are  of  the  same  character.    At  Ekersund  titanic 
iron  ore  is  found  under  similar  conditions, 
ooourrenoe  of     Orcs,  especially  those  of  copper  and  of  iron,  frequently 

orea,  "*   ^^^^^  occur  at  the  edge  of  the  Ante-Taconic  granite.    This  is  the 

case  with  the  celebrated  iron- ore  deposits  of  Naes,  and  with 
copper  mines  at  several  points  in  Telemark  and  in  Saeters- 
dal.  The  Post-Taconic  eruptive  rocks,  especially  the  gab- 
bro, are  similarly  accompanied  by  ore  deposits,  particularly 

and  nickeL        of  chromc  irou,  coppcr,  and  nickel.    The  well-known  copper 

deposit  at  Eoeros  or  L^oeraas,  in  Trondhjem,  is  of  this  char- 
acter. The  Silurian  and  Post-Devonian  outbursts  of  plutonic 
rocks  do  not  appear  to  have  been  accompanied  by  the  depo- 
sition of  ores ;  it  is,  however,  from  these  later  occurrences, 
especially  at  Grefven&s,  near  Ghristiania,  that  the  granite 
so  valuable  for  ornamental  and  monumental  purposes  is 
quarried. 

riTor.^d?*^'™^  ^^  ^^  considerable  rivers  of  the  extreme  north  of  Nor- 
way are  auriferous.  The  gold  is  found  in  small  scales  in  the 
river-beds  and  in  the  coarse  secondary  gravel  deposits  form- 

*  J.  Marcou,  Carte  (rtolog,  de  la  Terrey  p.  76.    Letter  from  Mr.  T.  DahH. 
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SORWAT. 


Aniiferoiu 
river-beds. 


ing  the  high  banks  between  which  these  rivers  run.  From 
the  description  given,  it  seems  not  impossible  that  these  de- 
posits might  be  suitable  for  hydraulic  mining  were  they 
situated  in  a  more  genial  latitude. 

Norway,  though  a  remarkable  mineral  country,  cannot  be  ^J^j^jjjy®' 
caUed  a  rich  one,  for  the  value  of  the  products  of  the  mines  of  meteto. 
and  smelting  works  is  not  much  more  than  half  that  of  the 
crude  and  bar  metal  consumed  in  the  kingdom,  as  is  shown 
in  the  following  table : 

Mean  annual  value  of  the  Norwegian  metal  trade  from  1871  to  1875. 

Value  of  prodnots  of  mines  and  smelting  works |l,  521, 400        Stottttioa  of 

Valaeof  crude  and  bar  metal  exported 554, 932  port,  and^^port 

Value  of  crude  and  bar  metal  retained 966, 468 

Value  of  crude  and  bar  metal  imported 1, 645, 756 

Value  of  crude  and  bar  metal  consumed /. 2,612,224 

The  mining  industry  of  Norway  appears  to  be  declining  DeoUne  of  the 
in  some  important  respects.  The  value  of  the  silver  and  of  ™*"^«*^^*^' 
the  iron  produced  annually  since  1870  was  little  more  than 
half  as  great  as  it  was  between  1850  and  1855.  The  copper 
product  has  remained  very  nearly  constant.  On  the  other 
hand,  the  amount  and  value  of  the  nickel  and  the  pyrites 
mines  has  increased  rapidly  since  1860,  bringing  the  total  niJkeT'Sd'  ^^ 
value  of  the  mining  industry  to  a  slightly  higher  point  than '^^••p'^''®*- 
it  reached  twenty  years  ago. 

The  following  tables  from  Dr.  Broch's  volume  exhibit' 
the  commercial  relations  of  the  Norwegian  mining  industry : 


py- 


Itoduct  of  the  Norwegian  ndnee. 


BSlveton tontf*.. 

Copper  ore do... 

Pjnrltee do... 

Iran  ore -• do... 

Cobalt  ore do... 

Chrominm  ore do... 

Nickel  ore do . . . 

Zinio  and  lead  ore do... 


Prodaotof 
the  Korweglaii 
minea. 


Mean  fior  the  year^- 


1861-'6&. 


i,goo 

18,830 
18,190 
24.486 

0,875 
800 

8,640 


1806-70. 


2,000 
16»6B0 
86,860 
20,286 

2,290 
10 

4,680 

8,000 


isn-TR 


2,190 

18,010 

72,286 

28,886 

8,115 

90 

18,680 

808 


*Toiii  of  1,000  kfloa,  or  2,206  pounds  avolrdnpoto. 
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Product  of  ths  Norwegian  smdHng  %oork$. 


Prodnot  of 
the  NorweeiAii 
smelting  wotkb. 


Sflvcr tons. 

Copper do.. 

Copper  Balphate do.. 

Iron do.. 

Cobalt do . . 

Arsenic do.. 

Nickel do.. 


Mean  for  the  yettra— 


18n-'66. 

188^70. 

8.8 

3w6 

622.8 

512.9 

8.4 

12.9 

8»  890.0 

2,eo&.o 

18.2 

&2 

8.2 

0.8 

12.8 

89l5 

um-ih. 


8.6 

588.6 

8.0 

1.680.0 

35.1 

0.8 

110.5 


Talne  of  the 
product  of  mines 
and  works. 


ValM  of  the  protkuste  of  mmee  and  worke. 


Silver finncs 

Copper do. 

P^tee do. 

Iron do. 

Cobalt do. 

Chromiom do 

Nickel do 

Zinc  and  le«d do. 

Total do . 

Total  In  dollars    


ICean  fbr  tlie  years— 


1861>*86. 


•  - 1 


720,000 
1,170,000 
880,000 
1,680,000 
110,000 
200,  UOO 
140,000 


4,400,000 
880,000 


188e-*70. 


780,000 

1,200,000 

1,970,000 

1, 010, 000 

60,000 


310,000 
150,000 


5,480,000 
1,096,000 


IBTl-^S. 


700,000 

1,400.000 

2,820,000 

890.000 

150.000 

7,000 

2,050,000 

80.000 


7.007,000 
1.521,400 


Kon 
Ter 


onssberg  sO-  A  Considerable  number  of  ISorwe^ian  mines  exhibited  at 
^  Paris.  The  most  noted  of  them  all  isKongsberg,  so  famous 
for  its  enormous  masses  of  native  silver,  and  so  peculiar 

Discovery  in  from  the  fact  that  this  silver  contains  mercury.  The  Kongs- 
berg  mine  was  discovered  in  1623,  and  opened  the  next  year, 
under  royal  auspices,  by  miners  from  Saxony.*  In  1630  a 
mass  of  native  silver  weighing  400  marks,  or  93.5  kilos,  was 
discovered.  A  large  number  of  mines  were  opened  up,  and 
the  number  of  workmen  employed  rose  to  about  4,000.  The 
mines  were  worked  steadily  up  to  the  year  1805 ;  but  not 
having  paid  running  expenses  after  1770,  were  shut  down. 
]|^nct  np  to  The  total  production  up  to  1805  was  561,150  kilos  of  fine 
silver. 

Beopening  in  In  1815f  the  mlucs  Were  again  opened  by  the  Government 
of  the  United  Kingdom  of  Norway  and  Sweden,  but  upon 
a  smaller  scale.  Only  four  mines  are  mow  in  ox>eration,  viz, 
the  Armen  (Poor  Man's  Mine),  Kongens  (King's  Mine), 
Gottes  HiQfe  (God's  Hc»lp),  Has  Sachsen  (House  of  Saxony). 
Of  these  the  first  is  the  deepest,  and  reaches  a  depth  of 
about  1,900  feet.    The  hoisting  in  these  mines  is  performed 

*  BrttckmanDy  Magnolia  Dei.f  etc.,  p.  860. 

t  The  Catalogue  of  the  Norwegian  JSxhiHty  from  which  mo6t  of  this  in- 
formation is  taken,  reads  1875,  a  misprint. 
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by  water-power,  and  the  drainage  and  transportatioD  in      yoBWAY. 
part  by  tunnels.  Kongeberg  bu- 

The  ore  is  sorted  and  dressed  by  machinery.    The  native     Treatment  of 
silver,  containing  87  to  90  per  cent,  of  the  metal,  is  refined  ***®  ^^' 
by  a  single  operation  in  a  refining  furnace,  which  brings 
it  up  to  0.998  or  0.999  fine.    The  other  concentrations  are 
smelted  with  pyrites  and  rich  slags,  and  the  regulus  is  resil- 
verized  by  lead,  which  is  refined. 

The  King's  Mine  (1,870  feet  deep)  has  been  the  most  pro-  of^StReSS?* 
ductive,  and  large  masses  of  native  silver  and  of  argentite 
are  often  found  there.    In  1832  a  single  mass  of  silver 
weighing  500  kilos  (worth,  say,  $20,000)  was  found ;  and  in 
1867  another  of  the  same  size  was  discovered. 

The  present  production  is  from  4,000  to  4,500  kilos  of  sil-      Present  pro- 
ver  yearly,  besides  10  tons  of  co]>per  derived  from  the  py- 
rites added  in  the  smelting  process. 

The  Kongsberg  mines  exhibited  interesting  specimens   ^^^^*1?^^ 
iUnstrating  the  ore  deposits,  the  ores  and  native  silver,  and  wi^dnss. 
maps  of  the  workings. 

Various  nickel  mines  also  exhibited.    The  metal  is  not   Nickel 
purified  in  Norway,  but  reduced  to  an  alloy  of  nickel  and 
copi)er  and  other  foreign  substances,  and  exported  to  En- 
gland or  Germany  for  farther  manipulation. 


vm. 

BP^niM.  BELGIUM. 

THE  BEIiGIAN  EXHIBIT. 

Great  mineral  The  territory  of  Belgium  comprises  about  11,372  square 
miles  and  contains  a  x>opulation  of  5,300,000  inhabitants. 
Taking  into  account  its  limited  area,  it  is,  in  respect  to  min- 
eral wealth,  one  of  the  most  favored  countries  of  the  world. 

▼•rie^ojmjtt-in  fact,  it  may  be  said  that,  excepting  certain  metals,  pre- 
cious stones,  and  some  other  substances  of  but  little  real 
use,  the  country  furnishes  all  the  materials  necessary  to 
satisfy  the  wants  of  mankind.  The  extraction  of  these  sab- 
stances  is  facilitated  also  by  their  mode  of  occurrence  in 
iori2r^'*df  *^®  rocks  containing  them.  The  geology  of  the  country  is 
&ODB.  highly  varied,  nearly  all  the  important  and  economically 

valuable  formations  being  represented  among  the  rocks  oat- 
cropping  at  the  surface;  and  it  is  partly  to  this  circum- 
stance that  the  great  diversity  of  industries  developed  in 
the  land  is  to  be  attributed. 

Coal,  iwm,  lead,  Coal,  iron,  lead,  and  zinc  are  of  chief  importance  among 
principal ininerai  the  mineral  resources  of  Belgium;  but,  besides  these,  there 
is  a  great  variety  of  other  valuable  substances,  the  prod- 
ucts of  the  earth,  such  as  materials  used  in  construction,  in 
agriculture,  in  the  arts  and  manufactures,  which  form  the 
basis  of  many  varied  and  extensive  branches  of  industrj'. 
The  following  table,  which  is  an  abridgment  of  one  pre- 

Comet  on  the  scntcd  by  M.  Comct,  in  his  paper  on  the  Mineral  Industry 
ta^  bS^T  of  Belgium,  shows  the  different  useful  substances  occurring 
in  Belgium,  grouped  according  to  the  geological  formation 
in  which  they  are  found : 

iPeat. 
Materials  fur  brioks. 
Gravel  for  nmd  metal. 
Iron  ore. 

rMaterials  for  brioks,  t Construction. 

Qnatemary S  Gravil  for  road  metal. 

(.Iron  ore. 

'  Iron  ore. 

Sandstone  for  mbble,  dressed  stone  for  build- 
Tertiary  <     ing,  pavements,  reiVactory  stones,  ete. 

Sands  (construction,  ballast,  molding,  glass 
,    manufacture,  and  other  uses). 
372 
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Tertiary < 


"Clays  for  tiles,  drainage  pipes,  paTemente, 

bricks,  etc. 
Concretionary    limestones  for   Roman    ce- 


BBLGIUM. 


Cretaceous. 


Jonusic. 


Triassio. 


Caiboaifeioiui. 


ment.  Formations  and 

Limestones  (dressed  stone  for  bnilding).        ^^  y*®^^ 
^ Marls  for  fertilizers. 

'  Liimestones  for  bnilding. 

Phosphate  of  lime  (fernlizer). 

Chalk  for  mannfaotnre  of  lime,  carbonic  acid, 
etc. 

Silex  for  pottery  and  road  metal. 

Marl. 

Faller's- earth. 

Clays  for  sundry  nses. 

Sands. 
.Iron  ore. 

'Limestones  for  sundry  nses. 

Iron  ores. 

Fertilizers. 
(,  Sandstones. 

!  Marls. 
Hydraulic  limestones. 

rcoai. 

Sandstones  for  various  uses* 

Schists  producing  alum. 

Silicious  sandstones  for  road  metaL 

Limestones  and  (  -  ^  „«^«„.  „„^ 
Dolomites  J  for  various  usw. 

Lead  ores. 
Iron  pyrites. 
Zinc  ores. 
.Barytes. 


DevxRuan. 


< 


r  Limestones  and 
Dolomites 
Sandstones. 
Iron  ores. 
Zinc  ores. 
Iron  pyrites. 
Barytes. 
Slates. 
Whetstones. 
Grinding  stones. 


! 


for  various  uses. 


ffilurian  and  Cambrian. .  x 


r  Slates. 
Whetstones. 

Sandstones  for  various  uses. 
Cut  stones  for  construction. 
Sands  and  minerals  used  in  pottery. 
Manganese. 
Manganiferous  iron  ore. 


OoaL— A  bioad  and  deep  valley,  formed  by  a  depression  coai 
of  the  Gorboniferoas  limestone,  traverses  Belgium  from  the 
soathwest  to  the  northeast,  passing  by  Qui^vrain,  Mons,  The  region  of 
Oharleroi,  l^amnr,  and  Lifege.  The  rocks  of  this  valley  con- 
sist.of  the  coal-bearing  formations,  and  along  its  line  firom 
the  French  to  the  Gterman  frontier  active  coal-mining  opera- 
tioofi  are  in  progress. 

The  depth  of  the  coal-bearing  strata,  considered  with  ref- 
Qreaoe  to  sea-level,  varies  very  much  at  different  points  strata.' 

is  p  E ^voii  4 


Depth  of 
the  coal-bearing 
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BELoiuM.      along  the  line  of  the  valley,     in  the  near  neighborhockl  of 

Kamur,  in  the  central  line  or  axis  of  the  basin,  the  lower 

members  of  the  coal-bearing  formation  are  exposed  at  the 

surface  at  a  height  of  650  feet  above  the  sea.    From  that 

point  the  formation  is  inclined  both  to  the  east  and  the  west, 

reaching  its  greatest  depth  or  thickness  near  the  town  of 

Inclination,  Mons  on  the  wcst  and  near  Li&ge  on  the  east.    Beneath  the 

neas  oftbe  coai  town  of  Mons  the  depth  of  the  coal  basin  is  2,270  meters 

measmm  ^^^^^g  ^^^^  ^^^^  sea-lcvel.    At  Boussn,  a  little  farther 

west,  its  depth  is  probably  325  feet  greater ;  and,  as  the  alti- 
tude of  that  locality  is  about  100  feet  above  the  sea,  a  ver- 
tical shaft  sunk  at  that  point  would  only  reach  the  lowest 
coal-bearing  rocks  at  the  great  depth  of  7,872  feet.    !Near 
Li^ge  the  thickness  of  the  coal-bearing  formation  is  also 
very  considerable,  and  probably  exceeds  4,600  feet. 
boi^ghm^^     By  reason  of  this  inclination  or  dip  of  the  coal  formation 
in  opposite  directions  to  the  east  and  the  west  firom  the 
neighborhood  of  ITamur,  the  coal  fields,  considered  geo- 
graphically, are  divided  into  two  parts — the  basin  of  Lifege 
at  the  east  and  the  ba^in  of  Hainaut  at  the  west.    The  last 
named,  which  is  the  more  important  for  the  production  of 
coal,  includes  in  the  mining  district  of  Charleroi  that  part 
of  the  basin  which  is  situated  in  the  province  of  Namnr. 
Relation  of     The  number  of  coal  seams  occurring  at  any  part  of  the 
coal  ''»Mm8   to  coal  basin  is  generally  proportionate  to  the  thickness  of  the 
the    carb(mSrer-  Carbonifcrous  formation  at  the  part  considered.    They  are 
OUR  formation.    a^j^jQ^^j^ngiy  j^ss  uumcrous  in  the  province  of  Kamur  and 

increase  in  number,  both  to  the  eastward  and  the  westward, 
in  approaching  the  districts  of  Li^ge  or  Mons.    In  the  west- 
ern basin,  where  the  coal  formation  has  its  greatest  known 
thickness,  there  are  from  130  to  160  coal  seams,  of  which 
about  two-thirds  are  workable.    According  to  Andr^  Du- 
mont  there  are  85  coal  seams  in  the  province  of  Lidge. 
ovOTiyLttg°***the     ^^  ^^^  proviuccs  of  Li^gc  aud  Namur,  as  well  as  in  a  por- 
coaimeaanres.    tiou  of  the  proviucc  of  Hainaut,  the  coal  formation  is  cov- 
ered only  by  the  alluvial  formations  of  the  Mense  and  the 
Sambre  or  by  inconsiderable  thicknesses  of  the  Cretaceous, 
Tertiary,  or  Quaternary  beds.    The  sinking  of  mining  shafts 
in  those  localities  is  consequently  attended  by  no  very  seri- 
D^  x>f  over- ous  difficulties.    West  of  Fontaine  PEvfique,  in  the  district 

lyiBg  Aepoeits  in  ^      ' 

the^jtriot  of  of  Haiuaut,  the  deposits  overlying  the  coal  formation  attain 

a  constantly  increasing  thickness,  reaching  a  depth  of  ^,000 
to  1,300  feet  between  the  town  of  Mons  and  the  French 
frontier.  To  pass  through  these  formations,  which  contain 
inexhaustible  sources  of  water  and  quicksand,  some  of  the 
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most  important  and  extensive  works  known  in  tbe  records      "elqium. 
of  mining  industry  have  been  undertaken. 
The  rocks  of  the  Carboniferous  formation  most  intiniately  ^  »o«kf  jjf^'^f 

Z'  ted  with  the  coaL 

associated  with  the  coal  are  schists  and  sandstones.  The 
former  are  the  prevailing  rocks.  GeneraUy  the  coal  seam 
is  intercalated  between  two  strata  of  schist ;  occasionally 
the  coal  is  overlaid  with  sandstone,  and  sometimes,  though 
rarely,  the  sandstone  forms  the  floor  on  which  the  coal  re- 
I>oses.  The  relation  of  the  strata  to  each  other  is  usually 
as  follows : 

Schist 

Goal 

Schist. 

Sandstone. 

In  general  the  coal  forms  less  than  a  one-thirtieth  part  o^thSSwa"©?'^ 
the  whole  material  composing  the  formation.  ?^"v^?  ^i^^  ^^ 

*^         ^  the  whole  forma- 

The  thickness  of  the  coal  seams  varies  from  a  few  inches  tion. 
to  8  or  10  feet,  but  generally  the  workable  seams  are  from 
20  inches  to  4  feet  thick.    Those  less  than  15  inches  are      Thioknens  of 
seldom  if  ever  exploited.     The  workable  seams  are  rarely 
composed  of  coal  unmixed  with  other  material,  but  are  fre- 
quently divided  by  thin  layers  of  carbonaceous  schist. 

The  following  is  one  of  a  number  of  examples  represent- 
ing a  vein  of  average  character : 

Inches. 

Carbonaceons  schifit 2         Example. 

Coal 15.5 

Carbonaceous  schist 6 

Coal 18.75 

Schist 2 


44.45 


The  length  of  the  Belgian  coal  basin,  measured  along  its    L«Dfrth  of  Bei. 
central  axis,  from  the  French  to  the  German  frontier  is  170  •^^  *^**^'  ^*° 
kilometers,  or  about  106  miles.     Its  width,  measuring  its 
exposure  at  the  surface  is  variable,  as  shown  by  sections    width, 
at  various  points  named  below : 

Mflea 

At  the  west  of  Mods,  nbont 8 

At  the  meridian  of  Charleroi,  about *.  9^ 

At  the  meridian  of  Namur,  aboat 2 

At  Hny,  about 2 

At  Seraing,  about 5 

Eastof  Li^ge 11 

The  entire  area  of  the  surface  exposure  of  the  coal  for-    Aroaof  work*. 
mation  of  real  economic  value  in  Belgium  is  estimated  at   ^^^ 
632  square  miles,  of  which  total  316  square  miles  are  in  the 
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UBLOIUH. 


Early 
ooal. 


nsc 


Lidge.  1198. 


4ata 

in  1886. 


Statistical 
com  ID  once 


_  basin  of  Mons  and  216  square  miles  are  in  the  basin  of 
Li^ge. 

of  The  exploitation  of  coal  in  Belgium  commenced  at  a  very 
early  age.  Indeed,  notwithstanding  the  probability  that 
mineral  fuel  wa^  known  and  used  in  China  a  thousand  years 
before  Christ,  one  of  the  existing  legends  concerning  the 
history  of  coal  refers  its  first  discovery  to  the  neighbor- 
hood of  Li^ge,  in  the  year  1198,  by  a  smith  nauied  Hullos, 
from  whom  the  name  of  the  mineral  /lovtiZe. was  derived. 
The  coalmiuing  industry  began  to  assume  importance  in 
Belgium  in  the  last  century  and  has  since  then  been  almost 
constantly  growing,  promoted  as  it  has  been  by  the  use  of 
steam  i^ower,  first  for  drainage  and  later  for  extraction  of 
coal. 

The  complete  statistical  data  concerning  the  cofld  industry 
of  Belgium  go  back  only  to  the  year  1836.  At  that  time  the 
annual  production  of  the  country  already  exceeded  3,000,(K)0 
tonnes.  The  annual  increase  since  that  period  apj>ears  in 
the  following  {able,  which  shows  the  production  of  the  sev- 
eral provinces  traversed  by  the  coal  basin,  together  with 
the  total  production  of  the  country.  From  1836  to  1873 
the  production  of  coal  in  Belgium  was  multiphed  fivefold. 
In  the  last-named  year  it  reached  its  maximum.  Its  dimi- 
nution since  that  date  is  attributed  to  the  general  depres- 
sion of  all  industry,  not  only  in  Belgium  but  in  neighboring 
countries. 

Coal  industry  of  Bel^fium. 


Table  of  pro- 
duction of  coali 
1836-1876. 

Years. 

Production  of  coal  in  Belgium  in  the  provinces  of— 

Total 

Hainant 

Xamnr. 

Li&ge. 

Lazem- 
bonrg. 

1836 

Tonnet. 
2, 349, 874 
2,469,605 
2,405,909 
2, 599,  Oil 
2, 951, 781 
2,968,875 
3, 059, 183 
2, 874, 453 
3, 290, 728 
3, 670, 486 
3,798,335 
4, 201, 531 
8,651,712 
4,018,195 
4.420,701 
4, 753, 186 
5,234,646 
5,482,771 
6. 154, 860 
6, 458, 416 
6, 210, 132 
6, 441, 182 
6,885,011 
7, 099, 326 
7, 507, 720 
7, 935, 645 

Tonnei. 
97,174 
92,473 
103,954 
124, 397 
126, 054 
122,777 
134,451 
140,698 
134,008 
161, 872 
159,864 
158,807 
157, 264 
109.688 
177, 306 
187,857 
182, 678 
185,504 
209,990 
230,861 
218,609 

Tonnea, 

627. 016 

666,729 

740,408 

765,763 

853, 124 

935,854 

946,902 

966,365 

1,019^908 

1,086,045 

1, 078, 880 

1,803,005 

1, 050, 170 

1,063,453 

1, 122, 225 

1, 292, 099 

1, 377, 906 

1, 603, 275 

1,583,700 

1, 720, 053 

1.774.  678 

Tkumm. 

Tbnnet. 

3,074.464 

3,228,807 

3. 2O0. 271 

3,479.161 

3,929,963 

1837    

1838 

1839 

1840 

4 

261 

927 
758 
88G 
763 
823 
707 
518 
507 
286 

1841 

4, 027. 767 

1842 

1843 

4,141,463 
8,962.274 

1844 

1845 

1846 

1847 

1848 

1849 

1860 

1851 

4,445,*J40 
4.919.156 
5,037.402 
5,664, 4  jO 
4,862,6»1 
5,251,843 
5,820,5»«8 
6, 233,  517 

1852 

6.795,254 

7,172,687 
7,947,742 
8,400,330 

1853            .   . 

1854 

1855 

1856 

8,212.419 

1857 

201,804  1     1.740.016 

8, 883.  9j2 

1858 

217, 774 
220,650 
204,528 
243,061 

1, 85-2, 029 
1,840,526 
1,898,647 
1,878,457 

8,925,714 

1859 

9. 180,  7C»2 

I860 

9,610.895 

(Continued.)      1861 

10,057,163 
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Coal  inditeirif  of  Ikhjium — Contiuucd. 


DKLCIUM. 


Yean. 


1862 
1863 
1804 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


Prodaction  of  coal  in  Bel};iuiii  in  tho  province  of— 


Hainaut. 


Tonnet, 

7, 705, 170 

8,101.102 

8,  G70, 372 

0, 206, 058 

9,851,424 

0.595,280 

9,398,550 

0, 840  530 

10,196,580 

10, 037, 230 

11, 016, 166 

11, 052, 953 

10, 698, 130 

10,968,175 

10.486,660 


Nomur. 


Tonnet. 
246, 500 
255,  G07 
200, 235 
305,  734 
358.687 
389,580 
310,009 
303,638 
338,407 
850,389 
889,688 
450, 870 
440,124 
491,365 
474,976 


Lidgu. 


Tonnet. 

1, 893, 975 
1,008,561 
2, 231, 729 
2, 328, 911 
2, 564, 551 
2, 770, 956 
2,589,070 
2,798,720 
3,162,181 
3, 345, 557 
3,653,094 
3, 674, 578 
8,530,775 
8, 561, 791 
3,367,943 


Luxem* 
boorg. 


Tonnea. 


Total. 


Table  of  pro- 
duction of  coal: 
1H36-1876  (fi 
former  page.) 


Tomut. 
9,935,645 
10, 845, 830 
11, 158, 336 
11, 840, 703 
12,774,662 
12, 75^  823 
12,208,589 
12, 942, 894 
13, 007, 118 
13, 733, 176 
15, 058, 948 
15, 778, 401 
14, 669, 029 
15,  Oil,  331 
14,329,578 


Qoantity  of  coat— 


1836.... 
1837.... 
1838  ... 
1839... 
1840.  .. 

1841 

1842  ... 

1843 

1844  ... 

1845 

1846 

1847 

1848 

1849 

1850  ... 

1851  ... 

1852 

1853 

1854  ... 

1856 

1856 

1857 

1858.  . 
1859  ... 
1860. . . . 

1861 

1863.... 

1868 

1864.... 
1865. . . . 

1806 

1807.... 
1868.... 

1869 

1870 

1871... 

1878 

1878 

1874 

1876 

1876 


8,972,943 
4, 013, 052 
4.054,352 
4,093,557 
4, 113, 775 
4, 194, 093 
4,258,426 
4,290,810 
4,335.310 
4,845,014 
4,859,000 
4,308,016 
4,460,310 
4,490,113 
4,502,912 
4,548,507 
4,584,032 
4,S29,461 
4, 530, 228 
4,590,217 
4, 623, 089 
4,671,187 
4, 731, 957 
4,782,255 
4,836,566 
4,893,021 
4,040,570 
4,984,451 
4,829,320 
4,887,992 
4, 961  j  044 
5,021,336 
5^087,105 
5, 113, 680 
6^176^037 
6,215,823 
6,265,634 
6,308,217 
6^386,185 


Tonnet. 

3,074,464 

3, 228, 807 

3, 2S0, 271 

3,479,101 

3.029,963 

4, 027, 767 

4, 141, 463 

3,982,274 

4, 445, 240 

4, 910, 156 

6,037,402 

5^  604, 450 

4,862,694 

5,251.843 

5,820,588 

6, 233, 517 

6.795,254 

7, 172,  G87 

7, 947, 742 

8, 400,  830 

8, 212, 409 

8, 883, 002 

8,  925,  714 

9, 160, 702 

0, 010, 895 

10, 057, 163 

9,935,645 

10, 345, 330 

11,158,336 

11,840,703 

12,774,662 

12,755,822 

12,298,589 

12, 942, 804 

13,607,118 

13, 733, 170 

16^658,048 

16, 778, 401 

14,660,020 

15,  Oil,  331 

14,320,578 


2Vmn«f. 

22,447 

28, 415 

34, 703 

28, 363 

30,424 

28,902 

35,192 

30,855 

11,440 

0,348 

11, -088 

9,930 

0, 557 

10,900 

9,397 

9,998 

8, 102 

12.845 

53,082 

68,578 

88,709 

146, 069 

107,605 

110,069 

97, 009 

92,771 

78,817 

72,907 

68,224 

76.044 

187,306 

461, 180 

247, 749 

239,342 

235,250 

205,838 

221,890 

683,373 

470, 514 

720.534 

826,131 


Tonnea. 
773, 612 
789,083 
775, 534 
745. 569 
779, 473 
1,  015, 104 
1. 014, 716 
1, 080, 321 
1,245,399 
1, 543. 472 
1, 356, 833 
1, 827, 105 
1, 4C0, 570 
1.664,973 
1, 987, 184 
2, 057, 050 
1, 103, 540 
2, 831, 505 
2,625,958 
2,074,349 
2. 860, 137 
2, 877, 012 
3, 091, 316 
3,145,235 
3, 450, 306 
3, 379, 409 
3, 290, 595 
3, 329, 507 
4,  Oil,  197 
4,404,488 
4,865,894 
4,400.864 
4, 659, 000 
4.606,946 
3, 964, 844 
4. 3U8, 287 
5,630,197 
5, 286, 190 
4,662,886 
4, 905, 227 
4, 032, 097 


1 
B 

■ 

9 

o 


Tonnee. 
2, 323, 290 
2, 468. 139 
2, 519, 440 
2,701,955 
3, 180, 914 
3,  041, 535 
3, 101. 939 
2, 920, 808 
3,211,290 
3, 385, 032 
8. 692, 657 
3, 847, 275 
3,411,681 
3,507,839 
3, 842, 801 
4, 186, 465 
4, 699, 810 
4, 853, 937 
5, 374, 806 
5.603,559 
5,434,991 
5, 642, 059 
5,042,003 
6,125,536 
6,257,598 
6,770,525 
6, 723, 867 
7,088,730 
7, 215, 363 
7, 512, 259 
8, 090, 074 
8,810,688 
7, 887, 338 
8, 575, 290 
9, 967, 524 
9,570,727 
10, 250, 631 
11, 175, 584 
10, 476, 647 
10,766,638 
10, 523, 612 


a-i 


Tonnet, 


Table  of  popu- 
lation. E:ctTaO' 
tion,  anil  con* 
sumption  of  coal: 
1836-1870. 


0.634 
0.688 
0.784 
0.743 
0.763 
0.699 
0.754 
0.790 
0.852 
0.885 
0.783 
0.811 
0.850 
0.032 
L043 
1.067 
1.172 
1.215 
1.107 
1.220 
1.285 
1.311 
1.322 
1.415 
1.300 
1.448 
1.460 
1.505 
1.676 
1.800 
1.580 
1.707 
1.059 
1.871 
1.980 
2.142 
1.989 
2.028 
1.972 
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According  to  the  secoud  of  tho  foregoing  tables,  whicL 
coii8ia«r&tiooB  sliows  for  a  series  ot  years  the  x>opulation  of  Belgium,  tlie 
Koinjr  tables.  ^^  quantities  of  coal  produced,  imported,  exported,  and  oon- 
Bumed,  and  the  amount  consumed  per  each  inhabitant,  it 
appears  that  the  consumption  of  coal,  which  in  the  earlier 
years  considered  did  not  exceed  two  and  a  half  million  tonnes, 
or  about  (KM)  kilos  (1,320  lbs.),  per  inhabitant,  increased  in 
thirty-six  years  to  more  than  eleven  million  tonnes,  or  4,712 
lbs.  per  inhabitant. 

If  the  coal  production  of  1873  (the  most  productive  year) 
had  been  furnished  in  equal  proportions  from  all  parts  of  the 
surface  of  the  coal  basin,  each  hectare  (2.47  acres)  would 
^Yieid  per  hec-i^jj^ye  yielded  115  touues  of  coal.  The  yield  per  hectare  is^ 
of  course,  not  equal,  some  portions  yielding  much  more  than 
others.  In  one  of  the  concessions  (Bonne  Esp^ranoe)  near 
Gharleroi  each  hectare  of  coal  land  furnished,  on  the  aver- 
age from  2,500  to  3,000  tonnes  of  coal  annually. 

The  foregoing  tables  give  an  idea  of  the  extent  of  the 
coal-mining  industry  of  Belgium,  and  of  its  development 
during  past  years.    The  following  data  refer  to  the  year 
1876. 
Statistic:  In  that  year  180  companies  were  engaged  in  the  exploita- 

tion of  coal  in  Belgium,  employing  in  the  underground  and 
Laborers.  surfacc  works  together,  108,543  laborers  with  4,6G8  horses 
Stonm  power,  and  1,645  stcani  engines,  the  latter  dassifled  as  follows : 

Hdne>power. 

335  eogines  for  extraction,  with '.$9, 222 

365  engines  for  veutilation,  with 12,312 

189  eogines  for  drainage,  with 31,828 

756  engines  for  sundry  uses,  with 8,669 

1,645  92,031 

With  the  exception  of  a  small  quantity  of  coal  produced 
in  the  mines  that  are  situated  above  the  level  of  the  valleys 
and  worked  by  adits,  the  coal  product  of  tlie  country  is 

Depth  ofshafts.  raised  firom  vertical  shafts.  Many  of  these  do  not  exceed 
300  to  400  feet  in  depth,  while  some  attain  a  depth  of  2,500 
feet.  In  1875  there  were  322  shafts  in  oi)eration  in  Belgium, 
having  an  average  depth  of  1,150  feet. 
iJ2??ii  S*^  ^  ^^*®  greater  part  of  these  shafts  are  fiimished  with  guides, 
and  the  method  of  extraction  is  by  cages,  on  which  cars  are 
mised  from  the  levels  below  to  the  surfeice.  Most  of  the 
hoisting  engines  are  non-condensing,  some  of  them  having 

styieof engines.  500  horse-x>ower  and  upwards.  For  pumping,  condensing 
engines  are  generally,  but  not  always,  used.  Some  of  these 
have  from  800  to  1,000  horse-power.     In  some  cases  the 
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pumps  are  operated  by  meaus  of  a  balance-bob  acting  upon      '"'^^"^ 
the  pomp-rod,  but  in  more  instances  the  power  is  direct,    cmu. 
the  piston-rod  of  the  engine  being  in  line  with  the  pump-rod 
and  connected  with  it. 

Compressed  air  as  a  motive  power  for  machinery  employed  oomppMaed-air 
in  mines  has  been  in  use  in  Belgium  since  1845,  and  its 
application  is  steadily  increasing  in  extent  and  in  variety  of 
uses. 

Iran. — ^Tho  ores  of  iron  worked  in  Belgium  are  hematite,    iron. 
limonite,  and  argillaceous  carbonate.    The  latter  occurs 
sometimes  in  small  quantities  with  the  limonite,  and  it  also      Character  of 
occurs  independently  in  deposits,  but  which  are  too  small 
to  permit  profitable  exploitation. 

Hematite  is  found  in  various  forms  and  in  very  different  Hematite. 
geological  positions,  but  it  is  almost  altogether,  if  not  only, 
in  the  oolitic  form  of  deposit  that  it  is  worked  in  Belgium. 
In  this  condition  it  forms  important  deposits  in  the  quartzose 
schists  that  underlie  the  coal  measures  and  crop  out  on  both 
sides  of  the  valley  containing  the  coal  basin.  The  princi- 
pal mining  operations  are  on  the  north  side  of  the  valley, 
where,  in  the  neighborhood  of  Vedrin,  there  are  four  sepa-  yj^**  ^®*®' 
rate  strata,  having  the  dimensions  of  2J  inches,  4  inches,  8 
inches,  and  11^  inches,  forming  with  the  intercalated  schists 
a  bed  of  nearly  4  feet  in  thickness. 

At  Marchovelette  there  are  five  strata,  varying  in  width  MarcboveieSe,**' 
from  4  to  8  inches.    At  Ville-en- Waret  the  developments  viue^n-waret. 
have  shown  four  strata,  of  which  two  are  from  8  to  20  inches 
thick,  forming  with  the  interstratifled  schists  a  group  of 
23  to  24  feet    At  Honssois,  near  Vezin,  at  a  point  where  ^o«»««>^ 
the  outcrop  turns  abruptly  to  the  southwest,  the  beds  of 
hematite  attain  a  thickness  of  about  7  feet.    The  bed  of 
hematite  is  traversed  at  several  points  by  veins  and  faults, 
at  the  contact  of  which  the  ore  and  the  inclosing  schists  are 
often  impregnated  by  pyrites,  galena,  and  other  substances 
which  impair  the  quality  of  the  iron  ore.    Along  the  out- 
crop on  the  south  side  of  the  valley  the  developments  are 
much  less  important  than  on  the   north.    The  principal 
workings  on  the  south  are  near  Huy,  where  the  formation  a^^Hny. 
comprises  two  layers  of  hematite  having  a  thickness  of  lit- 
tie  less  than  lour  feet,  separated  by  a  bed  of  schist  of  about 
one  foot. 

The  average  yield  of  the  hematite  ores  is  from  35  to  40   Percentage  or 

„         .    ,  metelinthehem 

per  cent  of  metal.  atito. 

The  limonite  ore  also  occurs  in  varied  forms  and  in  de-    Limonite  ore. 
posits  of  very  different  geological  position.    In  recent  form- 
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«*^^v^'      ations  it  forms  beds  6  iuches  to  3  feet  or  more  in  thick- 
iron,  ness,  reposing  upon  argillaceous  sands  in  the  depressions  of 
the  surface,  and  mainly  along  the  borders  of  the  rivers  De- 
Limonite  ore.  mer^  the  two  Ncthcs,  and  their  afflueuts.    The  ore  from  these 
deposits  is  concretionary  and  porous,  containing  about  40 
per  cent,  of  iron.    It  has  much  phosphorus,  but  is  easily  re-* 
duced. 
Quftteniary  u-     lu  the  Quaternary  formation  a  silicious  b'monite  is  worked 
mmt.     ^        '  near  Qu6vy,  in  the  district  of  Hainaut,  which,  mixed  with 

argillaceous  sand,  forms  a  bed  varying  in  thickness  from  3 

to  5  feet,  resting  in  a  depression  of  the  Tertiary  sandstone. 

The  ore  contains  phosphorus. 

Sttperfloiai  de-     The  isolated  and  superficial  deposits  of  iron  ore  occurring 

jort^o    nxMn-jjj  ^Yi^  province  of  Luxembourg,  and  notably  at  Uuette, 

Athus,  Toenich,  etc.,  also  belong  to  the  Quaternary  forma- 
tion, resting  upon  the  Jurassic,  the  ore  deposits  having  ap- 
parently resulted  from  the  disintegration  of  Jurassic  rocks 
in  the  Quaternary  age.  It  contains  about 30  to  45  percent, 
of  metal. 
The  iron  ores     The  Jurassic  formation  which  forms  the  surface  of  the 

of  the  JunMio 

formfttiou.         SOU  them  part  of  the  Belgian  province  of  Luxembourg  and 

of  the  grand  duchy  of  the  same  name,  and  of  the  northern 
portion  of  Lorraine,  is  also  exceedingly  rich  in  iron  ore,  and 
furnishes  a  large  quantity  to  the  Belgian  iron  industry. 
The  ore  from  this  source  is  known  by  the  name  of  minettej 
and  is  an  oolitic  limonite  consisting  of  flue  grains  (from  one- 
third  to  one-sixth  of  a  millimeter  in  diameter).  The  ore 
occurs  in  deposits,  which  are  very  extensive  in  the  localities 
just  named,  but  of  limited  extent  in  Belgium,  forming  beds 
near  the  French  frontier  about  5  to  6  feet  thick.  The  ore 
contains  30  to  45  per  cent,  of  iron.  The  ganguo  consists 
chiefly  of  carbonate  of  lime,  silica,  and  a  little  gypsum,  and 
is  very  fusible, 
d  iJ^  ?™SJ^  ^*^®  primary  rocks  of  Belgium,  comprised  between  the 
in  tbe  primary  lowcr  quartzosc  schists  aud  the  coal  formation,  inclose  many 

important  deposits  of  limonite,  which,  up  to  the  present 
time,  furnish  the  greater  portion  of  the  ore  consumed  in  the 
Belgian  iron  industry.  These  ores  always  occur  in  masses 
or  veins — ^never  in  stratifled  form.  The  deposits  are  often 
of  large  dimensions. 
Table  of  pro-     The  following  table  shows  the  productiou,  importation,  and 

daction,  etc.  .     ..  <••  .-r^i*  i*  •         j* 

exportation  of  iron  ores  m  Belgium  dunnga  senes  of  years. 
The  notable  decline  in  the  production  in  late  years  finds  its 
explanation  in  the  fact  that  the  Belgian  furnaces  are  con- 
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btujitly  drawing  their  supplies  of  ore  (minette)  more  and 
more  from  the  Grand  Duchy  of  Luxembourg : 


BELGIUU. 


Iron. 


1850 
1800 
1865 
U87 
1868 
1860 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


Iron  ores. 


Produced. 


807,860 
808^170 
1, 018, 231 
603,829 
519,740 
628,046 
654,332 
607.272 
749,781 
503,565 
627,050 
365,044 
268,200 


Imported.    Bj^orted. 


Table  of  pro- 
duction, importa- 
tion, and  exporta- 
tion of  iron  orea : 
1850-1876. 


Tonnet. 


1,480 
301,846 
322,891 
396,282 
551,900 
568, 571 
504,406 
700,5^3 
739,541 
788,835 
804,370 
671,134 


Xbnnet. 


152, 114 
230.539 
152,227 
136,067 
164,576 
179, 867 
162,560 
178,997 
215, 042 
109,144 
141,767 
160^418 


Of  tiie  entire  quantity  of  iron  ores  imported  in  1875, 1876,  ^^^  ^  *"* 
and  1877  about  three-fourths  were  brought  ficom  the  Grand 
Dnchy  of  Luxembourg ;  the  remainder  mainly  from  Prussia, 
France,  Netherlands,  Spain,  and  Algeria.    The  iron  ores   Destipation  t>f 
exported  in  same  years  were  sent  mainly  (over  90  per  cent.)  ^^^^ 
to  France;  nearly  all  the  remainder  to  Prussia  and  the 
Netherlands. 

The  following  table  shows  the  amount  of  pig-iron  pro- ,  TaWe  of  pro- 

J...  xrojT        dnction,  importa- 

auced  in,  imported  into,  and  exported  from  Belgium  during  tioo,  and  ezporta- 

-.  tion  of  pi|r-iron: 

a  senes  of  years :  i84o-i876. 


PlK-inm. 


Prodaoed. 


1840. 

ttSO. 

1880 

1885. 

1867. 

1868. 

1880. 

1870. 

1871. 

1872. 

1878. 

1874. 

1875. 

1879 


Imported.  |  E:q^rted, 


144,452 
819,943 
470,767 
423,069 
435»754 
534^319 
665,234 
609,230 
665,665 
607,873 
532,790 
640,473 
490.608 


725 

24,604 

53,385 

42,549 

61,600 

82,330 

84,299 

137,008 

145,212 

158,291 

140,880 

207,204 


10,438 
02,345 
22,080 
10,711 
11,002 
16,525 
14,206 
10, 176 
48,526 
49,090 
27,208 
16,188 
15,072 
0,479 


41 
61 
60 


48 
49 
53 
54 
66 
42 
81 


The  iron  industry  of  Belgium  is  verv  ancient.    In  the   The  iron  indos- 

hi^^  ^^*i.«-r» X,...    .    ,-_i..^_„._    _A,  .   -r>_,  ^.       try  of  the_Belg» 


time  of  the  Bomans  the  inhabitants  of  the  Belgian  prov-  in  the 
iiiccs  were  noted  for  their  skill  and  industry-,  and  were  well  ^ 
acquainted  with  the  arts  of  the  production  and  manufacture 
of  the  metals.    The  ruins  of  two  furnaces  of  that  period 
were  discovered  a  few  years  ago  at  L-rstin,  between  Namur 


lioman 
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"^''^'^      and  Denant,  which  threw  much  light  apon  the  methods  of 
Iron.  producing  iron  then  in  use.    In  the  twelfth  century  the  iron 

Jn^e  mh^SZ  i^d'^^  ^^  abready  attained  a  high  degree  of  exceUenoe 
tary*  in  the  l^etherlands;  and  in  1560  there  were  in  that  country 

^^uici6thoen.j^^^  less  than  35  melting  furnaces  and  85  forging  cstablish- 
improToments  mcuts.    About  the  year  1800  great  improvements  were  in- 
troduced in  the  form  of  furnaces,  increasing  their  height 
firom  15  to  25  feet,  and  greatly  enlarging  their  productive 
capacity. 
The  largest  iron  and  steel  establishment  in  Belgium  is 
sooi6t6  John  that  of  the  SociiU  John  CoekeriUy  at  Seraing,  founded  in 
cookeriii.  ^g^^     j^  employs  8,750  workmen,  aided  by  259  steam^n- 

stAtktiM.  gines  of  6,600  horse-power.  Its  daily  consumption  of  fuel 
exceeds  1,000  tonnes,  and  its  annual  production  has  a  valne 
of  about  32,680,000  fr.,  or  about  16,500,000. 

Lead.  LeodatidZino. — The  principal  ore  of  lead  mined  in  Belgium 

Galena.  is  galcua.    It  occurs  only  in  the  older  formations,  where  it 

is  found  in  veins  or  in  masses,  and  either  alone  or  associated 

Modeof  its  oc- with  ziuc  blende  and  pjrrites.    The  gangue  of  the  veins  is 
cnnence.  generally  a  carbonate  of  lime,  barite,  and  quartz,  with  clay 

and  with  limonite ;  in  the  masses  the  gangue  is  commonly  a 
dark  clay. 
AaMMiatea  of  In  somc  placcs  the  galena  is  often  accompanied  with  other 
^^  lead  minerals,  such  as  cerusite  (the  carbonate),  which  ia quite 
frequent,  and  pyroroorphite  (the  phosphate),  which  is  com- 
paratively rare. 

Galena  occurs  in  numerous  veins  in  a  number  of  places, 
many  of  them  too  unimportant  for  exploitation.  The  prin- 
cipal lead-mining  operations  of  Belgium  are  in  progress  in 

Mine  at  Biey-thc  Celebrated  vein  at  Bleyberg,  near  Moresnet — ^the  only 
vein  in  the  country  which,  after  having  traversed  the  Car- 
boniferous limestone,  penetrates  the  coal  formation.  At 
the  line  of  contact  it  forms  very  considerable  masses,  which, 
however,  are  worked  with  great  difficulty,  on  account  of  the 
enormous  quantity  of  water  there,  involving  the  necessity* 
of  very  expensive  machinery  for  its  removal. 

zino.  The  zinc  ore  most  important  in  the  production  of  that 

Calamine.  metal  In  Belgium  is  commonly  known  as  calamine.  It  is 
a  combination  of  different  oxides  of  zinc,  in  which  the  car- 
bonate, smith  sonite,  predominates.  Calamine,  properly  so 
called,  that  is,  the  hydrous  silicate,  is  comparatively  rare,  as 

Blende.  dlso  is  the  auhydrous  silicate,  willemite.    Zinc  blende  forms 

also  a  considerable  item  in  the  production  of  the  mines^  but 
its  treatment  being  comparatively  difficult  it  is  less  sought 
for  than  the  other  ores  of  zinc.  In  Belgium  the  ores  of 
zinc,  like  those  of  lead,  are  found  only  in  the  older  forma- 
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tioDS,  chiefly  the  Devonian  and  the  Carboniferous  limestone,      bklqium. 

occurring  in  veins  and  masses,  associated  with  galena  and   ^mc 
pyrites.    The  localities  are  numerous,  but  the  most  impor-  ot^^m^^^i 
tant  are  in  the  eastern  portion  of  the  province  of  Lifege.  The  *^®  ®"**- 
ore  there  is  calamine,  generally  associated  with  blende  and 
galena.    The  ore  bodies  occur  as  masses  of  very  considera- 
ble dimensions  and  in  various  geological  positions,  but  gen- 
erally at  the  contact  of  the  Carboniferous  limestone  and  the 
coal  formations.    The  01*63  of  these  masses,  which  are  some- 
times hundreds  of  meters  in  length  and  breadth,  have  a 
gangue  of  clay  and  sometimes  limonite,  which  is  worked  for 
iron  ore. 

In  1876,  in  Belgium,  the  lead  product  was  6,963  tonnes,  and  ^^^^^^^^^ 
the  zinc  product  (crude  metal)  was  49,960  tonnes. 

BLBYBBBQ-BS-MOKTZEK.  Bleyb«rg  rninM. 

The  Bleyberg  vein  is  situated  in  the  Carboniferous  lime 
stone  and  in  the  Coal  Measures,  the  latter  of  which  overlie 
the  former.    The  fissure  penetrates  both  and  has  a  general   char^ter  ai»d 

.,  ,  ,  ,  «         .  ,  •trike  of  thereto. 

strike  northwest  and  southeast,  forming  an  angle  of  57<^  with 
the  meridian  and  115^  with  the  lines  of  stratification.  It 
has  been  recognized  for  a  distance  of  five  kilometers  in  the 
Coal  Measures  and  of  above  two  kilometers  in  the  limestone. 
It  either  stands  vertically  or  dips  at  an  angle  of  75^  or  80o, 
sometimes  to  the  east  and  sometimes  to  the  west.  No  fault 
or  cross-course  has  been  met  with,  but  it  is  believed  that  a 
change  of  direction  toward  tlio  north  may  be  the  result  of 
such  a  phenomenou. 

The  fissure  is  partly  filled  with  fragments  of  the  country  Conteiitaofthe 
rock.  In  some  places  these  fragments  are  entirely  sur- 
rounded with  ore.  In  others,  where  the  adjacent  rock  is  of 
a  readily  decomposable  character,  the  debris  has  been  so 
closely  packed  as  nearly  or  quite  to  exclude  the  deposition 
of  ore. 

The  ores  are  essentially  galena  and  zinc  blende,  and  of  ^,    ^Galena  and 

Ueiide. 

these  the  zinc  blende  appears  to  have  been  deposited  before   order  of  depo- 

the  galena ;  for  while  masses  and  layers  of  zinc  blende  are     ""' 

found  free  from  galena,  the  masses  of  galena  are  invariably 

mixed  with  zinc  blende.    Small  quantities  of  copper,  anti-     oocnrrenoeof 

monj^,  and  silver  minerals  are  also  met  with.    Wherever  the  ****"  m«t»i»- 

interstices  between  the  fragments  of  wall  rock  were  of  any 

size,  the  ore  exhibits  the  ordinary  banded  structure. 

Subsequently  to  the  deposition  of  the  ore,  calcite  quartz  ^^Theory^^  to 
and  iron  pyrites  have  cr^'stallized  out  from  solution,  and  now  <^i7^^>'^  ^  ^^^ 
form  a  portion  of  the  vein  matter. 
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BBLQiuM.  Many  plienoinenu  make  it  evident  that  subsequently  to 

Bieyberg  mines,  the  filling  of  the  veius  the  fissure  has  reopened  and  closed 
again.    This  action  has  resulted  in  slickensides,  the  disturb- 
ance of  the  original  deposits  of  ore,  and  the  fracture  of  the 
mineral  crystals. 
Width  of  metal.     The  metaJliferous  portion  of  the  vein  has  a  total  width  of 

Uferons    portion  ^ 

of  the  vein.        00  ccutimeters ;  in  those  portions  of  the  vein  which  are 

densely  filled  withd6bris,  and  in  which  the  walls  have  given 
way  extensively,  the  width  is  much  greater. 

thiumeetoneamd     "^^  difference  is  perceptible  in  the  mineral  filling  of  the 

the  coal  meas-  vein  bctweeu  those  portions  which  traverse  the  limestone 

and  those  in  which  the  walls  belong  to  the  Goal  Measures. 
At  one  point  in  the  limestone  a  cave  500  meters  long  and  70 
meters  wide  and  about  the  same  depth  adjoins  the  vein  on 

dSSiu?**""*^  ^^^  hanging  wall.  Large  quantities  of  ore  of  banded  struct- 
ure have  been  deposited  upon  the  sides  of  this  cave,  but 
the  greater  portion  has  been  dislodged  by  violent  earthquake 
shocks,  and  has  rolled  down  in  fragments  into  the  fissure. 
Enough  is  left  in  place,  however,  to  show  the  origin  of  what 
has  been  dislodged. 

bedd^TTau^of     -^^  ^®  coutact  between  the  limestone  and  the  Coal  Meas- 

&^^xakA.  ures,  and  ac^oining  the  vein,  a  remarkable  bedded  mass  ex- 

ists.   It  is  supposed  that  at  this  point  there  was  a  valley, 
where  a  sort  of  lake  was  formed,  which  was  fed  for  a  long 
time  from  springs  highly  charged  with  plumbiferous  matter. 
Theorv  aa  to  The  rcsult  wns  the  formation  of  a  large  mass  of  galena  with- 

depoeit.  out  partings  and  reposing  solidly  upon  the  underlying  rocks, 

and  was  not  broken  up  by  the  force  which  reopened  the  fis- 
sure. This  deposit  is  only  some  40  meters  from  the  pi^eaent 
The  oTeriTine  surfacc ;  it  is  covered  with  materials  originating  in  the  Coal 
Pleasures,  with  various  clays,  and  with  Tertiary  strata,  which 
are  horizontal  and  lie  unconformingly  on  the  limestones  and 
coal  measures, 
immenae  flow     There  is  Said  to  be  no  mine  where  the  flow  of  water  is  po 

of  water  into  the  -r^,      ,  ,«,  ...... 

Bieyberg  mine,  great  as  at  Blcybcrg.  The  average  quantity  is  33  cubic  me- 
ters per  minute,  but  the  amount  occasionally  rises  to  the 
enormous  figure  of  45  cubic  meters  (nearly  1,600  cubic  feet, 
or  12,000  gallons)  after  heavy  rains  or  when  the  suow  ih 
Qnantity  mcltiug.    The  quantity  pumped  from  a  depth  of  182  meters 

^^^^'  has  been  for  some  years  past  18,000,000  cubic  meters.     This 

canae  of  tho  tremcudous  flow  of  Water  is  duo  to  the  geological  conforma- 

^a.     **^  °  tion  of  the  surrounding  country.    The  mine  lies  between 

two  ridges  in  a  synclinal,  in  such  a  way  as  to  receive  the 
drainage  of  a  large  area.  The  basin  is,  indeed,  iu  part 
drained  by  tho  river  Guculo  and  its  tributary  brooks,  but 
wherever  these  streams  pass  over  porous  or  broken  ground. 
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water  from  them,  too,  percolates  ioto  tlie  mine,  and  in  such      BKtoiuM. 

quantities  that  it  has  been  necessary  to  convert  the  beds  of  Bieybergmine. 

the  streams  into  canals  by  covering  them  with  clay  held  in 

place  by  stone  flags.    Pour  thousand  meters  of  the  river  the  oSuf^^"  °' 

Gueule  and  12,000  meters  of  its  tributaries  have  been  thus 

treated,  together  16  kilometers,  or  about  10  miles. 

The  force  employed  in  pumping  amounts  to  3,300  horse-  gj^J^^^^  ®°' 
power,  and  the  annual  cost  is  500,000  fr.    A  water-wheel  of  AnnoAi  oo«t. 
12  meters  in  diameter  and  2.68  meters  in  width,  which  drives      ^*5S;^^??^ 

'  saperseded      by 

pumps  of  60  centimeters  in  diameter  and  1.60  meters  stroke,  Corntoh   oigine 

*■         ^  ...  I  and  that  by  to- 

was,  up  to  1847,  the  principal  engme  used  m  pumpmg,  andtary  compoimd 
stiUdevelops  a  force  equal  to  90  horse-power.  Cornish  steam- gine. 
pumping  engines  were  introduced  in  1847,  and  in  1867  the 
company  had  the  credit  of  ordering,  and  the  John  Gookerill 
Ck)mpany  of  building,  the  first  powerful  rotary  engine  em- 
ployed in  pumping.  This  machine  is  a  direct-acting  com- 
pound condensing  engine  of  640  horse-power ;  the  fly-wheel 
with  its  shaft  weighs  52  tons,  and  the  pistons  have,  respect- 
ively, diameters  of  1.03  meters  with  a  stroke  of  1.25  meters, 
and  of  2  meters  with  a  stroke  of  2.50  meters.  The  pumps 
of  this  engine  are  force-pumps  of  6o  centimeters  in  diameter 
and  2.50  meters  stroke.  Their  capacity  is  840  liters  per  stroke,  c^pwity- 
The  engine  makes  10  revolutions  per  minute,  and  is  supplied 
with  steam  from  8  Cornish  boilers,  with  two  fires  each.  This 
first  application  on  a  large  scale  of  rotary  pumpiug-engines 
has  been  widely  imitated.  During  six  years  of  constant  use 
no  accident  has  happened  to  the  machine,  and  it  has  con- 
sumed an  exceptionally  small  amount  of  fuel.  The  coal,  by  Dnty. 
actual  experiment,  is  only  1.25  kilos  per  horse-power.  Thanks 
to  the  good  machinery,  the  mine  has  not  been  shut  down  for 
an  instant  for  more  than  20  years. 

The  main  difficulty  in  mining,  beyond  that  caused  by  ,^^^0^*411^^^'" 
water,  arises  from  the  want  of  cohesion  of  the  ore  in  the  large  ing. 
ore  bodies.    These  are  extracted  by  cross-cuttings,  while 
in  the  veins  the  method  is  by  overhand  stoping.    There  are 
numerous  shafts  for  hoisting  and  ventilation,  furnished  with 
engines  of  from  8  to  12  horse-power.    In  spite  of  the  great 
danger  caused  by  the  enormous  quantity  of  water  and  the 
loose  character  of  the  ground,  accidents  are  of  very  rare   Karity  of  aod. 
occurrence,  and  the  number  of  miners  killed  amounts  to  one  ^ 
in  700  each  year. 

There  is  a  large  ore  dressing  establishment  attached  to    ore  dreaaing. 
the  mines,  employing  a  force  amounting  to  45  horse-power 
and  using  800  cubic  meters  of  water  per  hour.    The  ma- 
chinery consists  of  jigs,  percussion  tables,  etc.,  as  is  usual 
in  works  of  this  class,  and  the  capacity  is  180  tons  of  un-    capaotty. 
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"'^"'-      dressed  ore  in  ten  hours.  The  ore  as  it  comes  from  the  mines 

contains  18  per  cent,  of  valaable  matter.    The  zinc  ore  is 

^«|<gj**j««^' brought  up  to  a  tenor  of  46  per  cent.,  the  galena  to  80  per 

cent.,  and  the  cerusite  and  the  pyromorphite  to  65  per 

cent 

I'nramjefc  The  Bleybcrg  Company  treats  most  of  its  own  ores.    The 

zinc  furnaces  are  of  the  Belgian  type,  and  the  lead  furnaces 

those  known  in  mining  literature  as  '^Bleyberg  furnaces." 

Deaiiveriafttion.  The  loss  of  fumc  amouuts  to  almost  nothing,  and  there  is  no 

lead  colic  among  the  men.    The  lead  is  desilverized  in  the 

works  (process  not  stated),  and  the  market  lead  produced 

is  of  great  purity.    The  Bleyberg  Company  is  said  to  have 

chemicaUy  been  the  first  to  guarantee  the  almost  chemical  purity  of  its 

^^^  leads,  and  to  sell  on  the  basis  of  analysis  made  by  both 

seller  and  buyer.    Hundreds  of  these  analyses  might  be 
shown  in  proof  of  the  excellence  of  the  products.    The  fur- 
nace lead  carries  only  some  eight  dollars  per  ton  in  silver. 
Production     Siucc  the  Organization  of  the  company  in  1853  up  to  the 
year  1878  the  works  have  produced  59,940  tonnes  of  lead 
and  29,934  tonnes  of  zinc.    Over  $4,000,000  have  been  dis- 
Dividends.      tributcd  in  dividends — about  four  times  the  original  capital, 
workmens'     The  advantages  and  inducements  to  workmen  to  remain 

benefits.  ,  ^ 

m  the  employment  of  the  company  usual  in  Europe  are 
given  at  Bleyberg,  and  in  1867  the  company  received  honor- 
able mention  at  the  Paris  Exposition  for  their  care  of  the 
welfare  of  the  miners. 

VieUe-Mon-  TKB  YIELLBMONTAQNB. 

tagne  Mining  Co. 

The  Vielle-Montagne  Mining  Company  is  probably  the 

most  famous  association  of  the  kind  in  Europe.    It  derives 

tent^^d*^'^^  importance  not  only  from  the  extent  of  its  operations, 

tribntion  of  ito  but  from  the  number  of  establishments  counted  among  its 

prope   ee.        property,  and  their  wide  geographical  distribution.    The 

following  is  a  list  of  the  works  of  the  company ; 

In  Belgium.  BBLOIUM. 

WelhenraeAU — Mine  of  calamine,  zinc  blende,  and  lead ;  ore-dressing 
works ;  calcining  furnaces. 

Jngleur, — Zinc  foundry  and  roUing  mill. 

Ti7/(near  Li^ge).  -Rolling  mille. 

St  Leonard  (at  Li^ge). — Zinc  furnaces. 

ValmHn-Cooq  (station,  Jemappe). — Zinc  furnaces,  zinc-white  works, 
and  colliery. 

FUne  (station,  Hermalle). — Zinc  and  lead  mines,  blende-roasting  fiir- 
naoes,  and  zino  furnaces. 

Baldaa-Lalore  (station,  Fl^malle). — Collieries  and  coking  furnaces. 

Moretnei, — Mines  of  calamine,  ore-dressing  works,  calcining  furnaces, 
and  zinc  furnaces. 
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QBItMANY.  BKLQIOIL 

Borbeck  (near  Essen). — Zinc  foundry.  Diatribution 

Oberhausen, — Rolling  mill ;  blende-roasting  furnaces.  YieUe-lfontagDe 

B€Mberg. — Lead  and  zinc-blende  mines  and  ore-dressing  works.       *  ^^• 
Utktraik  (Siegen  district).— Mine  of  zinc  blende,  lead,  and  copper,  and    ^  Geimany 

ore-dreaBing  works. 
Mayen  (near  Coblenz). — ^Mines  of  zinc  blende,  lead  and  copper,  and 

ore-dressing  works. 
Wieslodt  (near  Manheim). — Mine  of  calamine ;  ore-dressing  works 

FRANOB.  In  Vranoe. 

JmHhw  (near  Paris). — Zinc-white  works. 
Bray  (Euse). — Rolling  mills. 
Sainte  Marie  (Oise). — Rolling  mills. 
Dnntteeoiuri  (Oise). — Rolling  mills. 
Vkneg  (Aveyron). — Furnace. 
PancAtft  (Ayeyron). — Rolling  mills. 

SWEDEN.  In  Swedcn- 

Amauiberg  (near  Askersund). — ^Mines  of  zinc,  copper,  and  cobalt,  ore- 
dreaaing  worka,  and  blende-roasting  furnaces. 

ALGERIA.  In  Algeria. 

Hammam  and  Ain-Sitfra  (province  of  Constantine). — Calamine  mines. 

SARDINIA.  In  SaidlnlA. 

Various  calamine  mines,  owned  wholly  or  in  part  by  the  company, 
in  the  district  of  Igl^iae. 

The  compauy  has,  besides,  numerons  agencies  in  various 
countries  for  the  purchase  of  ores  and  for  the  sale  of  prod- 
acts. 

The  establishments  above  enumerated  contain  179  ©n- bonw-powOT^ of 
gines,  representing  a  collective  power  equal  to  about  4,460  «"s*"*^ 
horse-power — ^English. 
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The  following  data  as  to  the  employes  of  the  company      issLoimu 

for  the  year  1877  may  be  of  interest :  vicJie-Mon- 

tagne  Milling  Co. 

Average  number  of  workmen  employed 7, 121        Statistics  of 

Number  of  persons  dependent  on  their  wages 14, 481 J^^'^'''^  ^^^ 

Total  number  of  persons  sapported  by  wages  paid  by  the 

company 21,602 

Regolar  wages  paid  for  the  year «. $1,318,830 

Preminms  paid  for  extra  good  work. $118|877 

Total  amoant  paid  to  hands $1,437,707 

Number  of  days'  work  done 2, 290, 699 

Mean  salary  per  head  per  day $0.63 

As  will  be  seen  from  the  foregoing  table,  a  considerable  ,^neflts*^^™*°* 
sam  is  yearly  expended  in  the  encooragement  of  excellence 
in  workmanship  and  of  faithfcdness  in  discharge  of  duty 
on  the  part  of  the  men. 

The  wages  paid  are  low,  but  the  men  enjoy  a  number  of  ^p    w^to^ew' 
£a/cilities  not  offered  by  American  mining  companies.    The  J^^*^^^ 
company  pro\'ide8  quarters,  commonly  cottages  with  gar-*'«>^«*»- 
denn  attached,  at  very  low  rates,  and  encourages  the  pur- 
chase of  these  houses  on  a  very  favorable  installment  plan. 
It  also  contributes  largely  to  hospital  insurance  funds,  to 
the  support  of  schools  and  of  churches,  and  even  aids  in 
the  support  of  various  clubs,  musical  societies,  etc.    In 
short,  a  systematic  efifort  is  made  to  attach  men  perma- 
nently to  the  service  of  the  company. 

Note  on  the  deposit  of  zinc  ore  and  the  smelting  works  at  Mof^es-   Moresnct 

net 


The  deposit  of  calamine  of  Altenberg  or  Kelinisberg  be-    Deposits  of  cai 
longing  to  the  Vielle-Montagne  lies  in  the  lower  part  of  the^'^^imiai^r^ 
limestone  strata  of  the  Carboniferous  formation.    This  lime- 
stone is  for  the  most  part  converted  into  dolomite.    It  occu-    Geological  oc- 
pies  the  extremity  of  a  zone  which  simulates  a  basin  raised  *^"'^°^*'- 
toward  the  surface  on  one  side  and  buried  on  tlie  other. 
At  the  place  where  the  metalliferous  deposit  occurs  it 
reaches  a  width  of  600  meters.    This  basin  of  dolomite  and 
ore  is  in  its  turn  inclosed  in  soft  dry  Devonian  schist,  which 
rises  on  both  sides  of  the  basin.    A  bed  of  quartzose  dolo- 
mite, carrying  large  quantities  of  water,  separates  the  two 
rocks.    This  bounds  the  dolomite  formation  and  the  whole 
deposit  with  remarkable  regularity. 

This  ore,  which  is  composed,  toward  the  surface,  princi-    di  posu  of  rich 
pally  of  carbonate  of  zinc  of  great  purity  and  richness,  and  ^e.  ^^^  ^^^^«" 
without  a  trace  of  lead  or  zinc  blende,  has  filled  the  basin 
thus  raised  on  one  side  nearly  full,  and  crops  out  on  the 
surface  to  a  very  con^derable  extent. 
10  p  B VOL  4 
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__BKLGiuM^__     The  formation  of  Kelmisberg,  whicb  is  entirely  surronoded 


vieiie-Mon.  by  dolomite,  does  not  anywhere  come  in  contact  with  other 

tagno  Mining  Co.     •'  '  *' 

rocks,  and  mnst  be  considered  as  resulting  from  the  slow  and 
KeimSKr****'*  ^^(T^^^  Change  of  the  inclosing  rock  into  ore  by  an  exchange  of 

bases.  It  cannot  possibly  be  considered  as  a  deposit  of  sec- 
ondary origin,  such  as  many  of  the  contact  deposits  of  the 
country  unquestionably  are. 

This  remarkable  deposit  was  most  largely  developed 
towards  the  surface ;  its  length  may  have  reached  450  me- 
ters, and  its  breadth  from  100  to  150  meters. 
Theory  of  the     The  wholc  of  the  hollow  formed  by  the  basin  at  the  sur- 

modo  of  deposit.  •■ 

face  appears  to  have  been  filled  with  ore,  or  with  rock  im- 
pregnated with  metalliferous  salts.  The  most  highly  con- 
centrated and  most  remarkable  portion  of  this  ground  is 
situated  at  the  northern  extremity  of  the  basin,  and  is 
almost  entirely  separated  by  a  projecting  point  of  dolomite 
from  what  is  known  as  the  southern  body.  Toward  the 
southwest  the  deposit  is  continuous,  but  is  hidden  under 
the  dolomitic  rocks.  It  has  been  followed  to  the  consider- 
able depth  of  110  meters,  and  it  is  between  this  level  and  a 
depth  of  75  meters  that  the  actual  workings  are  being  car- 
ried on.  The  filling,  that  is  to  say,  the  metalliferous  sub- 
stance, appears  to  have  been  very  different  at  the  surface 
Change  in  the  from  what  it  is  in  depth.    While  at  the  surface  the  ore  was 

character  of  the  "^ 

ore    at    lower  nearly  pure  carbonate,  lower  down  it  was  mixed  with  hy- 

drated  silicate,  which  gradually  increased  until  at  a  certain 
depth  it  came  to  form  the  larger  portion  of  the  ore.  An- 
hydrous silicate,  willemite,  so  characteristic  of  the  Kelmis- 
berg  deposit,  has  always  been  found  in  large  masses,  of  a 
hundred  cubic  meters  or  more,  scattered  without  any  rule 
in  the  mass  of  the  other  ores,  and  completely  surrounded 
by  them. 
First  workings     The  first  shafts  are  said  to  have  been  sunk  in  the  north- 

! turi\*  ^''^'*  ^^^  em  deposit,  in  the  fifteenth  or  sixteenth  century.    Without 

any  knowledge  of  the  metal  which  the  ore  contained,  the 
TTse  hy  brass- i^rass-foundcrs  at  Aix-la-Chapclle  aud  its  neighborhood  used 

rfounders  ot   the  ,  .      .  ,  -r^  .  . 

.crude ore.  thc  mineral  m  its  crude  state.  Prom  ancient  times  and  up 
Abb6Dony'8to  the  beginning  of  the  nineteenth  century,  when  the  AbW 
Dony  constructed  the  first  furnace  for  the  reduction  of  zinc 
(180G),  the  amount  of  ore  taken  from  the  deposit  at  its  crop- 
pings  was  inconsiderable.  The  work  done  after  the  begin- 
ning of  this  century  was  no  doubt  more  thorough,  but  it 
iRegoUr  pro-  was  uot  uutil  1846  that  regular  or  serious  operations  were 

•  •eodingsinlbW.  ,  ®  ^ 

begun. 
jTieMowsss.       In  the  year  1855  the  yield  was  probably  the  greatest 
which  had  ever  been  taken  from  a  metalliferous  mine  of  this 
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description.    It  reaches  the  figure  of  137,000  tons  of  ore  as      b»i^ium» 

it  came  from  the  mine,  or  50,900  tons  of  concentrated  ore ;       vieiieMon- 

the  northern  deposit  was  the  ore  principally  worked  by^^        ^ 

former  generations,  but  it  yielded  a  large  amount  of  ore  as  ^^^*|^^^^** 

an  open  cast  between  1846  and  1850,  when  the  bottom  of  ^i®^- 

the  basin  was  struck  at  from  twenty-five  to  thirty  meters 

below  the  surface.    It  is  estimated  that  in  all  no  less  than 

1,500,000  tons  were  thus  removed  up  to  186C. 

From  the  year  1850  on,  the  workings  have  been  entirely  .  ,^  subsequent 

yield  of  the  work- 
underground,  and  have  embraced  both  the  north  and  south  ings. 

ore  bodies.    The  whole  quantity  of  ore  extracted  from  these 

deposits  is  known  to  amount  to  at  least  200,000,000  tons, 

representing  about  a  million  and  a  half  tons  of  first-class 

tenor  and  quality.    The  ore-di'essing  works  were  built  in    ore  dresaen. 

1850^  and  since  that  time  have  been  brought  to  the  highest 

state  of  perfection,  and  are  almost  altogether  automatic; 

200  tons  of  material  can  here  be  treated  in  ten  hours,  and   capacity. 

yield  above  80  tons  of  concentrations.     For  some  years 

past  the  ores  from  the  ancient  waste-dumps  and  those  from 

the  newer  workings  have  been  separately  treated. 

The  smelting  works  handle  only  the  ores  from  this  local-  smeitingworka. 
ity.  These  are  for  the  most  part  very  refiractory,  being 
mixtures  of  silicate  and  carbonate,  and  are  often  at  the  same 
time  very  fusible,  from  the  presence  of  double  silicates  of 
lime  and  alumina.  These  two  circumstances  make  reduc- 
tion very  difficult,  for  it  can  only  take  place  at  very  high 
temperatures,  which  are  accompanied  by  the  formation  of 
slag  and  consequent  losses. 

The  furnaces  employed  are  on  the  Belgian  system,  and    Fanmcea. 
contain  130  tubular  retorts  each. 

The  works  possess  four  blocks  of  furnaces  charging  2,400   capacity. 
kQos  of  ore,  reaching  an  average  production  of  850  kilos  of 
metal,  with  a  consumption  of  3,300  kilos  of  coal  per  24 
hours,  of  which  20  per  cent,  is  lean  coal  and  the  rest  bitu- 
minous. 

It  is  at  the  works  of  Moresnet  exclusively  that  the  almost 
chemically  pure  zinc  is  produced  which  is  employed  in 
making  blano  de  neige  and  for  art-castings. 


AU8TBIA-HUH- 
OABT. 


AUSTEIA-HCWGABY. 


THE  AUSTBO-HUNGABIAN  EXHIBIT. 

Source  of  Uie     The  following*  Outline  of  the  present  condition  of  the 

information:  Dr.       ...  «     ,  .  , 

H.F.Bracheiii   mining  mdustiy  of  the  empire  is  made  up  of  material  pre- 
sented in  the  official  catalogue  of  the  Austrian  exhibit  and 
gathered  by  Dr.  H.  F.  Brachelli. 
f^*^StheES     ^^  Austro-Huagarian  Empire  is  exceedingly  rich  in  ores 
piit>.  and  technically  valuable  minerals,  and  is  not  surpassed  by 

any  other  state  in  Europe  in  respect  to  their  variety.  A 
greater  development  of  the  mining  industry  of  the  country 
is,  however,  most  desirable. 

The  number  of  persons  employed  in  this  branch  of  indus- 
try and  the  results  for  1375  were  as  follows : 


Tablo  of  work- 
men and  product ; 
1875. 


woBumr. 

At  the  mines nnmber. 

At  smelting  works  do. . 

At  the  salt  works do.. 


Total 


VALUK  OF  PRODUCT. 

Mines florins . 

Smelting  works do. . 

Salt  works do . . 


Total 


Anstiia. 


83,581 

10,488 

8,805 


102, 824 


42, 800, 000 
25,200,000 
20,600,000 


88, 000, 000 


Hungary. 


} 


42,891 
1,192 


44,333 


]  9, 700. 000 
10, 200, 000 


The  empire. 


29,900,000 


13(1.410 
10,797 


147,207 


87,700,000 
30,800.000 


118,500.000 


•Assmned  value  Thcsc  valucs  ai)pear  to  be  given  in  paper  florins,  which 
fluctuate  slightly  in  value.  From  the  value  of  the  silver 
product  mentioned  in  Dr.  Brachelli's  essay  I  have  calcu- 
lated that  the  florin,  as  used  by  him,  is  equivalent  to 
$0.4435,  while  the  value  of  the  silver  florin  is  $0.4878. 
domS^*^  ^S^tht     ^^  mineral  deposits  of  technical  value  are  proi)erty  of 

the  crown,  and  prospecting  and  exploitation  can  only  be 
undertaken  with  the  permission  of  the  mining  authorities, 
whose  duty  it  is  to  see  that  all  mining  operations  are  carried 
out  according  to  law.  A  large  proportion  of  the  most  val- 
uable mines  in  the  empire  are  owned  and  worked  by  the 
state. 
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The  principal  results  of  the  mineral  industry  in  1876  were   ^"^^;'*™- 
as  follows :  ~ 


OAKY. 


Mineral  produce  of  Austria-Hungary  in  1876. 


G«ld kilos. 

Silver do.. 

QniokBllTer do  . 

Iron tons*. 

Tmoooftl do.. 

Brown  eoal do  . 

SftU do  . 

Copper do. . 

Lesd  and  litharge do.. 

Zinc do.. 

Tin do.. 

Graphite do.. 

"^       ■ do.. 


Austria. 


14 

25,166 

875,400 

273,046 

4. 934, 835 

6,033,882 

249,465 

442 

7.520 

3,879 

207 

12,717 

1,064 


Hnngazy. 


1,890 

22,784 

23,100 

127,379 

636,991 

884,189 

120, 115 

1,025 

2,419 

567 


1,997 


Mineral  pro- 
dacta  of  the  Em- 
pire in  1870. 


The  empire. 


1,904 

47,950 

898,500 

400,4^5 

5, 571. 826 

7, 817, 521 

860,580 

1,467 

9,948 

4,546 

207 

12,717 

3,081 


Occnrrence 
of  minerals  and 
metals: 

Gold. 

Silver. 

QaicksUver. 

Iron. 


Coal   and    lig- 
nite. 


*0f  1,000  kilos  or  2,205  lbs. 

Benides  these  a  number  of  others  might  be  enumerated, 
such  as  ores  of  cobalt,  nickel,  manganese,  arsenic,  bismuth, 
antimony,  and  uranium,  and  some  others. 

A  few  words  on  the  diistribution  of  the  valuable  minerals 
may  be  a  not  unwelcome  addition  to  the  table. 

6oU  is  found  in  notable  quantities  only  in  Hungary  and 
Transylvania,  Silver  in  the  same  countries  and  in  Bohemia; 
Quicksilver  almost  exclusively  at  Idria  in  Oarniola,  but  de- 
posits occur  in  Garinthia,  and  a  small  quantity  is  obtained 
in  Hungary  from  tetrahedrite.    Iran  is  found  and  smelted 
in  almost  every  province  of  the  empire,  but  Styria  leads  in 
this  branch,  and  produces  over  a  quarter  of  the  whole. 
Coal,  both  true  and  brown  or  (in  part)  lignite,  is  found  in 
large  quantities  in  the  northern  portion  of  the  empire,  in 
Bohemia,  Moravia,  Austrian  Silesia,  and  Oalicia.     Hun- 
gary also  produces  some  coal,  but  the  southern  provinces 
are  badly  off  for  fossil  fuel.    Salt  is  found  in  enormous  and 
uncontaminated  deposits  in  the  Carpathian  Mountains  and 
is  also  won  by  solution  in  great  quantities  in  Salzburg. 
Capper  is  found  chiefly  in  Salzburg;  Lead  in  Bohemia,  at   copper:  lead. 
Pribram,  while  in  Garinthia,  Villach  is  a  famous  lead-pro- 
dncuig  locality.     Zinc:  Western  Galicia,  Garinthia,  and    zinc. 
Garniola  produce  zinc,  and  the  Tyrol  must  now  be  added, 
as  wUl  appear  in  this  report.    Tin  is  obtained  only  at  one   Tin. 
or  two  spots  in  Bohemia  (Zinnwald,  etc.).    Chraphite  comes   oraphito. 
mostly  from  Bohemia,  but  is  likewise  obtained  in  Moravia 
and  Southern  Austria.    Petroleum  is  found  in  Galicia,  as 
are  also  the  paraffin  minerals,  but  not  nearly  in  sufficient 
quantities  to  supply  native  consumers. 

Mining  has  been  dull  of  late  years  in  the  empire,  except 
in  the  collieries,  which  have  increased  their  output  largely, 


Salt. 


Petroleum. 
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AU8TBIA-HUK- 
QABT. 


Coal. 


owing  chiefly  to  the  large  exportation  of  brown  coal,  which 
is  however  partially  balanced  by  a  large  importation,  mostly 
of  Prussian  coal. 

Coal — ^The  development  and  extent  of  the  coal  produc- 
tion of  Austria-Hungary  may  be  seen  from  the  following 
table,  in  tonnes :  * 


Output  of  coo] : 
1660-1876. 


Years. 


1860 
1865 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


TruecoaL 


1,948,189 
2,836,884 
4,295,775 
4,060,980 
4,788,455 
6, 171. 189 
6,096,669 
6,185,284 
6,564,831 


Brown  coaL 


TotaL 


1,548.306 
2,232,419 
4.060,160 
5,078,058 
5,767,612 

5,732.884 
,183.098 
7, 666. 812 
7,798,255 


8,406,495 
5,069,303 
8,355,944 
10,048.038 
10,556.067 
11,904,073 
12,279,757 
12,833,046 
13,362,586 


Relative  great- 
er increase  of  lig- 
nite prodnction. 


Coal  fields  lim- 
ited, 


bat  of  good  qual- 
ity. 


Localities  of 
the  coal. 


The  lignite  de- 
posits. 


The  lignite 
fields  of  the  £rz- 
gebirgo; 


and  elsewhere. 


*KoKU  und  Biten,  by  J.  Pechar. 

It  is  a  remarkable  fact,  and  one  of  great  importance  to 
Austria,  that,  as  may  be  seen  fix>m  the  figures,  the  increase 
in  the  product  of  lignite  is  much  more  rapid  than  that  of 
true  coal.  This  is  a  consequence  of  the  rapid  increase  in 
the  production  of  the  lignite  fields  of  the  Erzgebirge,  which 
yield  brown  coal  of  a  peculiarly  good  quality.  Austria,  to 
be  sure,  has  no  true-coal  fields  to  be  compared  with  those  of 
England  or  Westphalia.  On  the  contrary,  the  coal  fields  are 
of  small  extent,  with  the  exception  of  that  of  Kladno- 
Schlan-Bakonitz,  and  are,  moreover,  frequently  of  such  a 
character  as  to  be  worked  only  with  difficulty ;  the  quality 
of  the  coal,  however,  is  for  the  most  part  excellent,  espe- 
cially for  coking. 

The  Austrian  true-coal  fields  lie  for  the  most  part  on  an 
east  and  west  line,  beginning  at  Pilzen,  on  the  Bavarian 
frontier,  and  reaching  to  Galicia,  on  the  Russian  frontier; 
there  is,  however,  also  coal  in  the  east  and  southeast  of 
Hungary,  in  the  Fuenf  kirchen  and  Styerdorf  basins. 

The  lignite  deposits  of  Austria  are  inexhaustible  and 
easily  worked.  This  fuel  is  not  alone  excellent  for  house- 
hold use,  but  answers  the  purpose  of  many  branches  of  in- 
d  nstry,  for  raising  steam,  etc.  It  has  even  been  used  in  iron 
blast  furnaces. 

The  most  important  lignite  or  brown-coal  fields  extend 
along  the  southern  slope  of  the  Erzgebirge.  The  out- 
put from  this  district  is  greater  than  that  from  any  other  in 
Austria,  and  was  4,800,000  tonnes  in  1876.  Other  less  ex- 
tensive brown  coal  districts  lie  between  the  spurs  of  the 
Alps,  especially  upon  their  eastern  slope  in  Steyermark  and 
Camiola ;  finally,  there  are  deposits  of  brown  coal  in  Hun- 
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gary  and  Transylvania.  That  of  the  Zillthal  is  said  to  be 
particularly  promising.  The  following  shows  the  relations 
of  the  Austro-Hungarian  coal  trade : 


▲USTBIA-HUN- 
GABT. 


1800 

1886 
1870 
1871 
1872 
1073 
1874 
1876 
1870 


ImportatioiL 


Tonnst. 

240,128 

800,488 

827,110 

1,888,974 

1,687,800 

1,786,208 

1, 027,855 

1,027,042 

1,674,675 


lEzportBiUon. 


2bmMt. 

270^075 

380,002 

026,196 

1,040,601 

1,107,401 

1,081,029 

2, 160, 812 

2,708,237 

2,734,802 


Table  of  impor- 


Bomption  of  coal 


2Vmm«t. 

8,450,948 

5,060,129 

8, 857, 865 

10,865,511 

10,870,406 

12,008,810 

11,740,800 

11,770,751 

12,202,299 


This  table  requires  some  comment.    While  in  the  tables  ^Bxpianuion  of 

the  termB      ini' 

representing  the  coal  trade  of  most  European  states  ^^im-fH>rtatioD"   ud 
portation"  means  importation  from  England,  this  is  not  the  ^^^^    ^ 
case  with  Austria.    The  iM>litical  boundaries  between  (Ger- 
many and  Austria  pass  through  the  coal  region  of  Gentral 
Europe.    Silesia,  in  Prussia,  and  Galicia  and  Moravia,  in 
Austria,  form,  properly  speaking,  one  true-coal  field,  and 
the  brown-coal  regions  of  Bohemia  are  more  or  less  contin- 
uous with  those  of  Saxony.    Accordingly,  there  has  been  a  the  mutual  tmf- 
lively  trade  in  both  species  of  mineral  fuel  across  the  Gler- siaandBohemu! 

ft 

man  line  ever  since  the  railroad  communication  between  the 
countries  was  established.  The  importation  of  coal  in  the 
table  represents  almost  exclusively  Silesian  coals,  and  the 
exportation  Bohemian  brown  coal  carried  to  Germany, 

The  following  table  shows  the  purposes  for  which  coal  ^^^^^^J^ 
was  consumed  in  1875,  so  far  as  it  has  been  possible  to  ascer-  oonBmiiediiii875. 
tain  them : 

Per  cent. 

Bailways "  15. 5 

Biyerboats 2.0 

Manufaotnring 56.0 

Household  and  trade  oonsiimption 27.5 

The  number  of  persons  employed  in  the  coal  mines  of  workmen  em- 

^  *'     -y  ployed  in  Aoetri- 

Austria  (excluding  Hungary)  in  the  year  1876  was  as  follows :  an  coai  mines  in 

1876. 


Hen. 

Women.  Children. 

TotaL 

Trn«  (hmI 

82,988 
24,238 

2,680 
1,780 

736 
268 

86,888 
28,270 

Brown  ooal 

T<ftal     ...      r  r  -    -  . 

57,206 

4,460 

087 

88,668 
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-^"STmA^HUK-       The  namber  of  steam-engmes  in  use  in  the  coal  mines  of 
Austria,  again  excluding  Hungary,  in  1876  was  as  follows : 


in  uso  in  Austri- 
4n  coal  mines  in 
1876. 


Tmemoal  minee  . 
Brown-ooal  mines 

Total 


Hoisting. 


187 
229 


416 


Pumping. 


176 
198 


873 


Hoisting  , 

and       I    TotaL 
pumping. 


37 

48 


85 


890 

475 


874 


mintol^«Sbitr     Several  of  the  Austrian  mines  made  instructive  exhibits 
'  illustrating  the  geological  occurrence  of  deposits  and  the 
methods  of  mining  and  smelting  the  ores. 

In  addition,  an  excellent  account  of  the  exhibiting  minen 

was  prepared  for  the  occasion,  and  sold  at  a  merely  nominal 

Report  on  An*,  pncc.    This  pamphlet  is  entitled  Notice  sur  quelqtie'UTies  des 

trian  mines  ex-  *         ar  a.       * 

uibiting  in  Paris.  j)r$noi|>a2e6  mines  de  Vitat  Auttiohien^  and  it  is  believed  that 
the  purposes  of  this  report  will  best  be  served  by  translating 
literally  the  greater  portion  of  this  authorative  and  well- 
digested  description,  with  occasional  omissions  or  abbre- 
viations. 

Pribram.  Vfibvam. 


lu  position.  The  town  and  mines  of  Pribram  are  51  kilometers  south- 
east of  Prague,  upon  a  table-land  some  500  to  GOO  meters 
above  sea-level,  which  is  crossed  by  low  ranges  of  hills. 

HUtoiy.  It  is  not  known  when  mining  began  at  Pribram.    Con- 

cessions to  reopen  the  mines  were  granted  in  1527,  since 
which  time  they  have  been  worked  more  or  less  actively. 
But  it  was  not  until  the  greater  part  of  the  mines  became 
state  property,  at  the  end  of  the  eighteenth  century,  that  the 
era  of  their  real  prosperity  began. 

Gtsoiogicai  oc.     The  metalliferous  deposits  of  Pribram  are  veins  which  oc^ 

ouirenco  of  tlio  .,,  <■•■<•«        r^.-..  a  .  n  -w^    % 

uetaiiiferous  de<  cur  m  the  lowcr  bcds  of  the  Silurian  formation  of  Bohe- 
^^^  **  mia,  the  "  iiage  A  '^  of  M.  de  Barrande.    The  rocks  are  princi- 

pally sandstone,  quartzites,  conglomerates,  and  schists, 
bounded  to  the  east  and  west  by  granite  and  a  thin  stratum 
of  primary  slates  of  M.  de  Barrande's  ^^  Stage  B,^  These  lat- 
ter rest  conformably  upon  the  older  slates.  Kext  come  the 
sandstones  of  the  Grauwacke,  which  in  their  turn  are  cov- 
ered by  Grauwacke  slates  of  a  mean  thickness  of  1,000  me- 
ters. Above  the  Grauwacke  lie  the  sandstone  and  quartz- 
ite  forming  the  extreme  limit  of  the  metalliferous  deposits. 
All  these  beds  have  a  strike  of  from  60^  to  75^.  Between  the 
sandstone  and  the  higher  Silurian  strata  to  the  west  of  Pri- 
bram and  of  the  Birkenberg  occurs  a  fault  of  great  length 
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and  of  some  centimeters  in  thickness,  which  is  filled  with   aubtbu-huh- 

7  GABY. 

dark  gray  clay.    The  strike  of  this  fault  is  very  constant— 

N,660E.    Itsdipis760K  ^^~- 

Komerous  metalliferoiis  veins  and  dikes  of  diorite  crosn 
the  lower  Silurian  strata.  Most  of  the  veins  show  gossans 
at  the  croppings,  and  are  filled  with  argentiferous  galena 
only  at  the  depth  of  100  meters  and  more.  The  thickness  t«J^Stb??etaS* 
of  the  veins  now  being  worked  varies  irom  a  few  centime- 
ters to  six  meters  and  over.  Besides  galena,  the  veins  con- 
tain black-jack  or  zinc-blende — ^poor  in  silver — ^iron  spar,  and 
often  calcite,  ruby  silver,  and  tetrahedrite,  while  argentite 
and  native  silver  are  rarely  found.  The  galena  occurs  in 
stringers,  or  in  veins,  or  in  lenticular  masses,  or  dissem- 
inated in  the  compact  and  quartzose  gangue.  Many  veins 
have  been  explored  for  a  long  distance,  both  in  the  strike 
and  dip,  without  showing  any  decrease  in  richness  or  sensi- 
ble variation  in  the  gangue  ^  on  the  contrary,  it  may  be  af- 
firmed that  the  thickness  and  the  contents  in  silver  increase 
with  the  depth. 

Almost  all  the  veins  now  being  worked  appear  in  the  .   cbaraoter  of 

the  Toins. 

Orauwacke,  many  of  them  pinching  and  growing  poorer  to- 
wards the  surface,  as  they  enter  the  more  tenacious  strata 
of  this  formation,  while  the  contents  of  other  veins  are  en- 
riched in  the  upper  poitions  in  spots,  or  in  the  line  where 
they  enter  the.  Grauwacke.  Some  of  the  veins  cross  the 
fault  above  mentioned,  and  have  been  recognized  at  a  great 
distance  in  the  schists  on  the  other  side  of  the  fault. 

There  are  nineteen  shafts  at  Pribram,  which  are  connected  The  warkingB. 
at  various  levels.  The  deepest  is  at  Adalbert,  which  has 
reached  the  depth  of  1,020.1  meters  and  has  thirty  levels. 
It  is  the  deepest  perpendicular  shaft  in  the  world.  At  the 
thousand-meter  level  a  station  for  magnetic  observations  is 
established.  The  underground  workings  also  communicate 
with  one  another  through  the  great  drainage-tunnel  "Joseph  aSS^SS^'**"' 
11,"  which  is  21,906  meters  long.  All  the  water  of  the  mines 
is  raised  to  the  level  of  this  tunnel,  which  is  445  meters 
above  sea-level.  The  total  length  of  thegalleries  is  245,089 
kilometers. 

The  exploitation  is  effected  through  the  shafts  and  galle-  Exploitation. 
ries,  which  latter  are  driven  at  vertical  distances  of  &om  50 
to  70  meters,  and  from  a  system  of  levels.  The  sinking  of 
the  shafts  goes  on  constantly,  and  powder  or  dynamite  are 
used  in  the  operation  in  conjunction  with  machine  drills. 
By  this  method  of  exploration  thirty-five  veins  have  been 
discovered,  of  which  the  Adalbert  is  the  principal,  not  only  Tho  Adalbert 
in  its  regularity  and  permanence  in  strike  and  dip,  but  in  ^ 
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AUOTETA^HUK-  the  grade  of  its  ores.    Finally,  several  isolated  aggrega- 
-— tions  and  feeders  ranning  into  the  walls  of  the  veins  have 

Pribram. 

been  found,  and  most  of  them  are  workable. 

Mode  of  work.     The  Ore  is  almost  always  extracted  by  overhand  stoping, 

^'  exceptionally  by  underhand  stoping.     The  country  rook 

being  for  the  most  part  strong,  there  is  scarcely  any  timlier- 

ing  in  the  galleries.    When  a  drift  cuts  through  weak  strata, 

it  is  temporarily  timbered,  and  subsequently  walled. 

The  haulage  is  performed  in  ^^  Hungarian  dogs"  (small, 

Mining  can.  three-wheelcd  buggies)  and  cars  running  on  rails,  of  wldch 
there  are  37,125  meters  laid  in  the  mine.  For  some  years 
past  the  haulage  has  been  effected  at  the  Adalbert  Mine  by 
horses,  one  animal  drawing  from  4  to  6  cars,  each  contain- 
ing about  900  kilos  of  ore. 

compTCssedair     In  the  Underground  workings  of  a  certain  depth  hoisting 
png  nea.  eugiucs  are  employed,  which  are  run  by  compressed  air  from 

a  compressor  above  ground,  and  at  a  distance  of  about  1,000 
meters. 

floiatingcagea.  lu  the  large  shafts  the  hoisting  is  effected  on  cages  by  cast- 
steel  wire  ropes,  made  on  the  premises.  For  the  deeper 
shafts  the  rope  is  tapered  toward  the  lower  end.  The  mo- 
tors are  almost  altogether  steam-engines.    The  miners  go 

Man-enginea.   dowu  aud  comc  up  either  on  cages  or  man-engines,  rarely 
on  ladders. 
Annuuipro.     The  auuual  production  is — 

iluction.  Tona. 

Ore  lequiring  sorting 4,000 

Ore  requiring  crashing ^ €0, 000 

Ore  requiring  dressing 145, 000 

Mixed  ores 1,000 

Sorting.  The  first  hand-picking  is  done  underground.    The  high- 

grade  ore  is  hoisted  separately  to  grass,  where  it  is  resorted 
and  passed  on  to  the  smelting  works }  3,000  tons  of  smelting 
ore  are  thus  obtained,  with  a  mean  contents  of  05  per  cent, 
lead  and  0.45  per  cent,  silver. 
Drcaaing.  The  mechauical  dressing  (stamping,  crushing,  settling, 

classification,  and  separation  by  water)  takes  place  in  four 
large  mills,  distributed  so  as  to  reduced  transportation  to  a 
minimum. 
Broakera,     These  mills  are  furnished  with  rock-breakers,  stamps,  set- 
taSka!*'  '®"^*"*  tling  tanks,  and  a  very  complete  array  of  ore-dressing  ma- 
chinery.   The  writer  of  this  report  noticed  in  visiting  the 
Porooaaion  works  that  lateral  and  terminal  percussion  tables  and  con- 
ea  an    ga.    ^^^^^^  j|gg  were  the  machines  most  employed  in  the  final 
concentration.    The  £a>vorite  material  for  the  lateral  percus- 
sion tables  (Bittinger's  Stossherd)  seemed  to  be  cast  iron, 
planed  smooth.    Oalifomia  stamp-batteries  were  introduced 
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some  time  siuce,  but  were  abandoned  again  for  the  old  style  ^™™j^^' 

"on  account  of  the  rapid  wear  of  the  cams.''    This  is  an '• 

experience  not  readily  accounted  for  by  those  who  are  Pribram. 
familiar  with  these  batteries  on  the  Pacific  slope. 

The  water  for  the  concentrating  mills  is  furnished  by  four  conoentrating 
large  reservoirs,  with  a  total  capacity  of  2,250,000  cubic 
meters.    The  annual  product  of  these  mills  is — 

Tons. 

Smeltin£  ore 5,800 

Blende 600 

Spathic  iiou  ore 90 

The  fixed  steam-engines  supplying  mines  and  mills  with    steamengtnes. 
power  number  34,  with  an  aggregate  of  1,579  horse  •i)ower, 
besides  water-x>ower  equivalent  to  274  horse-power,  and  a 
number  of  steam  pumps,  hammers,  portable  engines,  etc. 

The  smelting  works  are  provided  with  all  the  apparatus  smeitinfcworks. 
necessary  to  work  up  the  products  of  the  mines,  of  which 
the  Notice  gives  only  a  list. 

The  method  of  smelting  is  what  is  known  as  the  '^Oom-  RonstinK 

meru  process"  in  Germany;  i.  6.,  the  galena  is  roasted  in  ° 
large  reverberatory  furnaces  in  which  the  ore  is  gradually 
moved  towards  the  fire.  In  front  of  the  fire-bridge  it  is 
melted  down  in  order  to  decompose  lead  sulphate  by  silicic 
acid,  and  get  the  roasted  product  as  a  slagged  mass,  which 
is  broken  into  lumps.    The  ore  so  prepr  red  is  smelted  in  Smelting 

high  furnaces  of  the  Pilz  type,  only  a  trace  of  regains  being 
found  in  addition  to  the  lead.    The  latter  is  desilverized  Dediyerizatioii. 
and  the  argentiferous  lead  refined.    This  process  is  appli- 
cable in  Pribram  on  account  of  the  freedom  of  the  ores  from 
copper. 

The  workmen  employed  in  the  mine  number  3,500,  in  the   workmen  em- 
ore-dressing  works  1,000,  and  in  the  smelting  works  400.      ^  ^^ 

The  Pribram  Mine  has  a  mutual  insurance  fund  which  workmen's 
provides  pensions  for  workmen  no  longer  able  to  earn  their  tations. 
living  and  for  widows  and  orphans.  Medical  treatment 
and  medicine,  and  in  some  cases  assistance  and  money,  are 
also  furnished  out  of  the  fund,  which  amounts  to  370,321 
florins,  or,  say,  half  as  many  dollars.  It  is  controlled  by  a 
committee  elected  by  the  workmen.  Its  revenue  consists  in 
drawbacks  from  wages  and  payments  made  by  the  works, 
which  amount  to  one-half  those  made  by  the  men. 

The  i^otice  gives  the  production  of  Pribram  for  100  years,  dn^t*^^*^*^"*" 
Less  will  serve  the  present  purpose.    The  product  is  rapidly 
increasing,  and  there  has  been  a  net  profit  every  year  since 
1818 

The  exhibit  made  by  Pribram  included  sections  of  views,  j^i^it^^^^*™  **" 
samples  of  ores  of  different  grades,  products  of  ore-dressing 
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pi-ocesses,  famace  products,  wire  ropes,  maps  aud  plsos, 
-and  surveying  and  magnetio  instrumeats. 

ProdiKt  of  the  Pribram  Smelting  Work*. 


Ytm. 

FineiUver. 

LlUurgD. 

LMd. 

Proflt. 

Kilat. 

OT.OIS 

1.         »59 

a.       tos 

KOh. 

MO,  684 

1,064,330 

aei.tio 

..SIS 

FUirUt. 

ilS::::::;:;::::::::::::::::::::::: 

2a.7t» 

Si 

774,738 

esi^DOi 

jaMbimiUud.  Joaehimsthal. 

PfMitimi.  The  little  town  of  Joachimsttial  ties  on  the  soutb  slope  of 

the  Erzgebirge  (Metal  Mountains)  of  Bohemia,  iu  a  ravine 

Hutory.         runniu^  north  and  south.    Mioing  begaa  there,  in  all  proba^ 
bilitj,  during  the  first  years  of  the  sizteeoth  century.    In 
1517  the  number  of  miners  was  8,000  and  the  town  counted 
20,000  souls.    It  was  in  1518  that  tiie  first  silver  urowns 
were  struck  here.    They  were  at  first  called  Joaehim«tkaler, 
afterwards,  by  abbreviation,  Thater,  whence  also  dollar. 
DcprHaini;     Thc  waFS  of  tbQ  Seventeenth  century  had  a  highly  preju- 
.it  tba  nth  oen-dicial  effect  upon  the  exploitation,  whicb  declined  to  snch 
'°^'  an  extent  that  the  annual  production  sank  rapidly  from  a 

mean  of  22,000  kilos  of  silver  during  the  first  80  years  to  ao 
average  of  3,000  kilos,  at  which  it  remained  from  1595  to 
1877. 
Gwiogicui  The  vein-bearing  rocks  of  Joaehimsthal  are  mica  schists 
the  metkiiiri^rous  incloscd  by  granite.  The  v^ns  iu  the  eastern  portion  of  the 
mine,  whore  there  are  masses  of  included  limestone,  carry 
calcite  as  the  gangue  mineraL  Tbose  in  the  western  part 
of  the  mine  are  qoartzose,  aud  are  accompanied  in  part  by 
masses  of  included  porphyry.  There  are  seventeen  veins 
which  strike  north  and  seventeen  which  strike  east.  It  is 
a  remarkable  fact  that  those  which  strike  north  show  en- 
richment where  they  pass  or  cross  the  intruded  limestone  or 
porphyry,  while  the  other  set  of  veins  are  not  thus  affected. 
The  width  of  the  veins  varies  from  two  meters  down.  They 
have  been  explored  to  a  depth  of  520  meters  and  to  a  hori- 
zontal distance  of  &om  1,^00  to  4,000  meters. 

Kainre  of  the     The  ores  raiscd  carry  silver,  cobalt,  nickel,  bismuth,  and 

Wurkfnn.       uranium.     There  are   four  lihafts,  the  deepest  being  633 
metera    The  drainage  is  accomplished  by  the  aid  of  two 
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tunnels,  with  a  united  length  of  40  kilos.    About  600,000   austma-huk. 
kilos  of  ore  are  raised  yearly. 


Compared  with  those  of  other  mines  the  ores  raised  at  joachimathai. 
Joachimsthal  seldom  require  stamping.  The  ore  is  concen- 
trated on  Eittinger's  percussion  tables.  The  result  is  4,000  of  ^a®*''*'**^**'' 
kilos  of  concentrations,  containing  from  0.1  to  0.5  per  cent 
silver,  5  to  6  per  cent,  cobalt  and  nickel,  and  8  per  cent, 
bismuth;  and,  farther,  2,500  kilos  of  uranium  concentrations, 
containing  24  to  30  per  cent,  of  uranoso-uranic  oxide. 

The  concentrations  containing  silver,  etc.,  are  shipped  to  nJ^li^^^l^l 
Freiberg.     The  uranium  ores  are  delivered  to  the  local  "»iiium  ores. 
fEUitory,  where  they  are  converted  into  pigments  much  em- 
ployed in  glass  and  x)orce]ain  coloring.    The  production  of  ^oduction  of 
colors  amounts  to  4,500  kilos  yearly,  and  samples  were  ex- 
hibited in  Paris.    As  a  subsidiary  product  vanadates  are 
also  prepared  and  were  exhibited. 

Idria,  in  Oamiola,  lies  above  twenty  miles  east  of  north    Position, 
from  IMeste.    The  deposit  of  cinnabar  at  Idria  was  dis- 
covered between  1490  and  1497. 

Becent  investigations  of  the  geology  of  Idria  by  the  pres-    Geological  oc* 
ent  manager,  M.  Lipoid,  have  proved  that  the  ore-bearing  cS^bar.  ^ 
rocks  are  exclusively  Triassic,  and  that  the  Oarboniferous 
sandstones  and  schists  which  form  the  roof  of  the  metallif- 
erous Triassic  beds  have  assumed  this  abnormal  position 
only  by  dislocation,  displacement,  or  reversal. 

The  direction  of  the  principal  fracture  of  dislocation  can 
be  studied  above  ground.  It  runs  from  northwest  to  south- 
east for  a  long  distance,  and  is  encountered  again  in  one  of 
the  principal  faults  of  the  mines,  and  in  the  extensive  fract- 
ures and  folds  of  the  metalliferous  Wefigen  beds  which 
occur  in  the  northern  part  of  the  mine. 

The  nature  of  the  deposit  is  very  different  here  and  in  the  Geological  aaso- 
southeast  portion.  While  in  the  former  the  deposit  is  in-  posit"  ° 
closed  in  the  Upper  Triassic  Wengen  beds,  which  are  cal- 
careous conglomerates  and  dolomitic  breccia,  and  there 
assumes  the  form  of  a  segregation  or  of  a  bedded  vein,  in 
the  southeast  the  ore  is  contained  in  limestone  and  dolomite 
belonging  to  the  Lower  Triassic.  Here  it  occurs  especially 
in  transverse  fissures  filled  with  schistose  limestone  and 
impregnated  with  cinnabar.  This  impregnation  is  observed 
even  in  the  country  rock,  in  which  it  occurs  in  remunerative 
quantities.  The  richest  ores  assume  a  lenticular  shape,  and 
are  found  in  the  Wengen  beds  in  the  northwest.  Their  ap- 
pearance has  carved  for  them  the  names  of  ^^  steel  ore" 
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(Stahlerz),  "liver  ore''  (Lebererz),  and  "brick  ore''  (Ziegel- 
erz).  They  sometinies  contain  as  mnch  as  40  per  cent  of 
quicksilver. 

The  workable  region  at  Idria  is  300  meters  deep,  800 
meters  long,  and  from  20  to  60  meters  thick.  At  the  end  of 
1877  there  were  925,800  cubic  meters  of  rock  in  sight,  with 
a  contents  of  32,580,000  kilos  of  quicksilver.  The  cubic 
meter  of  rock  in  place  gives  an  average  of  2,600  kilos  of 
roasting  ore,  with  a  contents  of  1.35  per  cent  qaicksilver. 

Winning  the  ore  is  accomplished  by  "  cross-cut  work,"  a 
modification  of  pillar  and  stall  work,  involving  filling,  which 
is  applied  to  thick  seams  on  ore  bodies  of  great  dip  and 
feeble  tenacity.  Drifts  are  run  at  various  levels  in  the  ore 
body,  and  cross-cuts  are  run  at  intervals  to  foot  and  hang- 
ing wall.  The  pillars  thus  formed  are  won  in  £rom  the 
cross-cuts  toward  the  center,  and  £rom  the  walls  of  the  de- 
X)osit  toward  the  central  drift,  by  side  stopes  or  stalls.  To 
sustain  the  roof,  timbers  are  set  and  immediately  packed. 
After  the  whole  level  has  been  stoped  out  in  this  way  the 
ore  immediately  overlying  the  exhausted  stopes  is  opened 
out  and  won  in  the  same  manner.  The  filling  is  obtained 
fh>m  workings  driven  for  prospecting  purposes,  from  the 
barren  rock  won  with  the  ore,  or  if  necessary  is  even  sent 
down  from  the  surface.  The  ore  is  divided  in  the  mine  into 
roasting  ore,  sorting  ore,  and  waste. 

There,  are  five  shafts,  varying  in  depth  from  100  to  307 
meters.  The  hoisting  engines  are  for  the  most  part  hy- 
draulic. The  tramways  under  ground  measure  4,000  meters, 
those  above  ground  2,900  meters. 

The  mean  annual  productio;n;is  1,800  metrical  tons  roast- 
ing ore  and  28,200  tons  of  or$  requiring  sorting ;  or,  in  all, 
30,000  tons,  with  a  contents  of  500  tons  of  quicksilver. 

Hand-picking  of  the  poor  rock  was  substituted  in  1842 
for  a  primitive  wet.  dressing.  The  ores  raised  are  dumped 
into  a  screen  which  separates  the  coarse  stuff  fh>m  the  fine. 
What  does  not  go  through  the  screen  is  carried  to  a  sorting 
hoose,  where  it  is  classified  into  high  grade,  low  grade, 
crushing  ore,  and  waste.  What  goes  through  the  first  screen 
falls  into  a  second  and  finer  screen.  What  goes  through 
the  second  screen  is  delivered  to  the  smelting  works  direct, 
and  the  comparatively  small  stuff  which  does  not  pass  the 
second  screen  is  sorted.  The  oi«,  high  grade  or  low,  is 
crushed  dry  in  a  25-stamp  battery,  and  afterwards  delivered 
to  the  reduction  works  separately. 

The  finer  ores  ai^e  reduced  in  a  Blake  crusher,  then  sifted, 
and  the  coarse  stuff  sorted  on  a  revolving  sorting  table  into 
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ore  and  waste.    The  contents  of  the  varions  classes  of  ore   aubtbia-hun. 

OABY. 


is  from  O.i  per  cent  to  50  per  cent. 

The  methods  employed  in  the  extraction  of  the  quick-    idrfa. 
sflver  from  the  ores  have  varied  greatly  since  the  mine  was 
first  worked.    At  first  open  vessels  were  used,*  afterwards   • 
earthen  x>ots,  for  which  cast-iron  receivers  were  substituted   Retorting. 
in  1641.    These  reaeivers  at  first  approximated  to  the  form 
of  jars ;  in  1665  they  were  made  as  retorts.    It  was  at  this 
time  that  the  method  of  heating  the  cinnabar  with  lime  was   Lime  procoM. 
invented.    In  1750  the  Almaden  furnace  was  introduced. 
In  1787  the  horizontal  furnace,  called  the  Idria  furnace,  with    ^"^aces. 
a  chimney  and  condensation  chambers,  was  built. 

The  great  quadruple  furnace  called  the  Leopold,  and      ^     Leopold 
erected  in  1825,  was  derived  from  the  last  mentioned.    It 
was  at  work  till  1870.    The  Albert!  reverberatory  furnaces  ^^^^^^  Aiberu 
date  from  1842.    They  are  provided  with  inclined  conden- 
sation pipes,  cooled  by  sprinkling  with  cold  water.    In  1869 
lime  kilns  were  adopted  as  a  type,  and  two  cupola  furnaces 
provided  with  condensation  chambers  were,  erected.    This 
system  was  perfected  in  1870  by  M.  Exeli,  manager  of  the       ExeU'siron- 
works  and  the  inventor  of  the  "iron-clad  furnaces."    At 
the  same  period  reverberatory  muffle  furnaces  with  8  muf-  Mufflofamacea. 
fles  were  constructed  for  the  treatment  of  the  rich  ores.    In 
1871  these  furnaces  were  replaced  by  the  two  muffle  fur- 
naces now  in  operation.    Since  1875  the  reduction  of  the 
ores  of  both  high  and  low  grade  has  also  been  accomplished 
by  the  help  of  long  reverberatory  furnaces  of  the  type  in  .   Reverberato. 
use  in  lead  works  for  roasting  purposes  {Fortschauflung- 
sofen). 

The  reduction  of  cinnabar  in  muffle  furnaces  is  eflFected^^rooeMS»?^re- 

duction  of  cihiuip 

by  decomi)osition  of  the  sulphide  by  caustic  lime.    In  all  bar. 
the  other  furnaces  it  is  simply  a  process  of  roasting  and 
distillation. 

A  system  of  flues  of  a  total  length  of  706  meters  stands    Fume  flue. 
in  connection  with  a  high  stack  placed  at  the  summit  of  the 
mountain,  through  which  the  gases  escape,  leaving  the 
quicksilver  behind. 

The  following  is  a  list  of  the  Airnaces  in  use : 

Albert!  reYerberatory  fumaGes,  heated  through  the  bottoms,  con-  List  of  furuor 

densafcion  in  forked  pipes iQcesinuge. 

Boasting  fornace,  with  bottom  heat  and  condensation  in  forked 
pipes 1 

*The  ''^oftctf"  says  tnevlcB  ouvertea.  I  suppose  this  to  refer  to  tbe 
tertia  ratio  described  by  Agricola.  Open  vessels  of  ore  were  placed  in  a 
tight  room  over  furnaces  heated  from  the  outside.  To  promote  conden- 
sation green  boughs  were  placed  in  tbe  inclosed  space.  The  quick- 
silyer  gathered  on  the  floor  and  the  leaves. 
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Cupola  furnaces,  condensation  in  forked  pipes 

Iron-clad  furnaces,  the  stack  heated  with  wood,  condensation  in 

crockery  pipes 

Muffle  furnaces 


3 
6 


OropxodactioD.  In  a  ran  of  eleven  months  the  works  can  rednce  13,000 
tons  of  ore  in  lamps,  20,000  tons  of  gravelly  ore,  and  2,000 
to  3,000  tons  of  palverized  ore. 

Lobs.  The  loss  has  been  determined  daring  the  last  years  at 

13.58  per  cent. 

vcrmUion.  Ycrmilion  is  manufactared  on  a  large  scale  at  Idria.    The 

process  is  very  old,  bat  satisfactory,  and  consists — 

Prooeaa.  ist.  In  the  preparation  of  tethiops  by  intimate  mixtnre 

of  mercary  and  snlphar. 
2d.  Transformation  into  cinnabar  by  distillation. 
3d.  Conversion  of  cinnabar  into  vermilion  by  grinding 
and  washing. 

Production.  Sixty  tons  of  quicksilver  are  annnally  converted  into 
vermilion  in  this  way,  with  a  loss  of  0.35  per  cent,  of  metal. 

Workmen.  The  Workmen  employed  at  Idria  namber  1,040,  of  whom 

602  are  occapied  in  the  mine,  65  in  the  ore-picking  hoases, 
195  in  the  smelting  works,  and  the  remainder  in  varions 
shops. 
Wages  and  Bcsidcs  their  wages,  which  are  small,  the  miners  receive 
grain  and  fael  at  a  fixed  price,  and  when  ill  are  provided 
with  medical  attendance  and  medicine  free  of  charge. 
There  are  also  government  lodgings  for  the  employes.  The 
mntaal  insarance  association  possesses  a  fand  of  78,000 
florins,  and  disposes  of  a  hospital.  The  mine  snpports  a 
school  for  the  children  of  the  miners. 

Idria  exhibited  cinnabar  in  its  varions  associations  and 
specimens  illastrating  the  geology  of  the  mine ;  also  char- 
acteristic fossils  of  the  imx)ortaut  beds,  very  necessary  to 
the  proof  of  so  extraordinary  a  fact  as  the  occurrence  of 
the  Triassic  nnder  the  Carboniferons.  The  varioas  vermil- 
ion colors  and  the  intermediate  prodacts  in  their  mannfact- 
ore  were  also  displayed : 


CinnaUar  ex- 
bibit  of  Idrla. 


Product  of 
Idria  smeltinK 
works. 


Product  of  the  Idria  Smelting  Works. 


Years. 


I  Length  of  run, 
in  months. 


1800 Nine 

1865 Ten 

1870 Twelve 

1871 I  Ten 

1872 '  Eleven 

1873 ;....do 

1874 ...do 

1875 do 

1876 :....do.   .. 

1877 :  Tcnandahalf 

I 


Quick- 
silver. 


Artificial 
cinnabar. 


KUo9. 
166.346 
168, 329 
370,690 
875, 789 
383,495 
377,387 
372, 135 
369, 7)iO 
372, 413 
3pO,  2U0 


Kiiog. 

7a  117 

100,811 
98,819 
83,605 
66,498 
46,983 
48,041 
58,064 
49,2(*S 
64.080 
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Schneeberg,  austmahuk- 

Another  mine  mentioned  by  the  Notice^  and  which  also  ex-    scbneeberg. 
hibited  in  Paris,  is  worthy  of  mention  because  of  its  excep- 
tional character  and  its  considerable  commercial  importance. 

The  Schneeberg  (Snow  Mountain)  lies  about  30  miles    Position. 
southwest  of  Innsbruck,  and  forms  the  intersection  of  sev- 
eral lofty  ranges.    Kear  its  summit,  2,200  meters  above  sea- 
level,  and  just  below  the  glacier  limits,  is  the  Schneeberg 
zinc-blende  mine.    Everything  leads  to  the  belief  that  this    History 
mine  was  worked  as  far  back  as  the  middle  of  the  fifteenth 
century — not  for  blende,  of  course,  but  for  argentiferous  ^ortcdS?™"'^^ 
galena  and  chalcopyrite.    In  1486  a  thousand  miners  were  tiferouB  gaienik 
at  work  j  but  soon  afterwards  the  ore  was  practically  ex- 
hausted. 

In  1868  and  1869  new  examinations  of  this  mine  led  to  its  biendT^^"^^  ^^''^ 
reopening  for  the  sake  of  the  zinc  blende  found  in  untouched 
veins,  and  also  in  the  ancient  pack  and  on  the  dumps. 

The  deposits  occur  in  micaceous  schists,  which  constitute   Geological  oc 

'  cnrrence  of  the 

the  rock  of  the  range  to  which  the  Schneeberg  belongs,  metaiuferoua  do- 
They  are  from  2  to  17  meters  thick,  and  consist  of  blende, 
galena,  and  a  little  iron  and  copper  pyrites.  Ankerite,  cal- 
cite,  quartz,  garnet,  and  amphibole,  in  part  in  fibrous  varie- 
ties, accompany  the  ores.  The  strike  is  northeast,  the  dip 
20O  to  380  northwest,  and  the  deposits  have  been  followed 
2,200  meters  in  strike  and  to  a  depth  of  987  meters.  The 
veins  are  repeatedly  faulted. 

The  underground  work  has  thus  far  been  confined  to  gen-    workings. 
eral  exploration  and  preparatory  arrangements.    Extraction 
on  the  outcroppings,  on  the  other  hand,  has  made  great  prog- 
ress, and  large  quantities  of  blende  are  now  obtained. 

There  are  three  concentration  works  connected  with  the    concentration 

works* 

mine^two  of  them  close  to  it,  the  third  at  Meiem.  On  ac- 
count of  the  altitude,  the  works  at  the  mine  can  only  run 
four  months  in  the  year )  the  establishment  at  Meiem  nine 
months.    The  difficulty  of  exporting  the  ore  is  excessive. 

The  Schneeberg  Mine,  with  its  ore-dressing  works,  is  now  Production, 
turning  out  about  7,000  tons  of  blende,  with  a  mean  zinc 
contents  of  nearly  46  per  cent.,*  besides  over  3,000  tons  of 
dressed  galena.  It  is  expected  that  this  product  will  be 
doubled  or  trebled  when  the  projected  preliminary  work  is 
completed. 

Schneeberg  exhibited  maps  and  ores. 

*  This  woald  give  oyer  3,000  tons  zinc.    Great  Britain  produced  6,834 
tons  of  that  metal  in  1877 
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"^^'  ITALY. 

v.J?J*^*^§  ti'     While  the  Italian  exhibit  was  in  many  respects  interest- 

hibit    of    Malfl- .  .  .  ,  ^.-i 

dano  ^  minea  mg^  the  explanatory  information  presented  cannot  be  said 
riRhi       copper  to  havc  bccn  altogether  satisfactory.    The  important  mines 

of  Sardinia  were  well  described  in  a  pamphlet  issaed  by  the 
Malfidano  Company,  and  two  other  mines  of  comparatively 
small  importance,  the  lignite  mine  of  Murlo  and  the  copper 
mine  of  Eoccatederighi,  both  in  Tuscany,  pursued  a  similar 
hiwt^f '^ca^nmi  coursc.    But  thc  lead  and  iron  industries  were  represented 
iron  indastncB.   ^^^j  by  speciincus  of  products,  and  the  information  given  in 
the  Catahgo  Oenerale  Sezione  Italiana  was  of  the  most  mea- 
ger description.    The  following  fragmentary  account  of  the 
mining  industry  of  Italy  must  therefore  suffice. 
Large oxporta-     An  important  part  of  the  mineral  industry  of  Italy*  is 

uOn    Ol     OTY'8    lo 

consequence   of  reflected  iu  the  exportation,  because  in  the  absence  of  im- 
cooi.  ^  portant  deposits  of  coal  the  smelting  of  ores  in  the  king- 

dom is  much  limited.  The  principal  exportation  of  ores 
during  the  year  1877  was  as  follows : 

Tons. 

ExportaUon.     iron  ores 236,607 

Copper  ore8 9,616 

Lead  ores 27, 531 

Zinc  ores 78,255 

Manganese  ores 7,375 

Sulphur  ores 210,327 

Carrara  marble     The  ouarrics  of  Carrara  also  represent  an  annual  produc- 

CI  11  &  m^  A 

tion  of  about  140,000  tons  of  marble,  which  is  in  great  part 

worked  up  in  the  country  before  exportation. 

Salt  Salt  is  produced  both  by  government  works  and  by  pri- 

Govcrntncnt  vatc  ludustry.    The  government,  which  has  a  monopoly  in 

all  the  continental  provinces,  derives  therefrom  an  income 

of  80,000,000  of  francs  yearly,  and  has  nine  salt  works  in 

operation. 

moritimo*^rva"*^     Thcsc  are  in  part  rock-salt  mines  and  in  part  evaporating 

rating  works,     works  ou  the  coast,  and  produced  from  2,500  to  150,000  tons. 

^anganifcnms     Mauganiferous  pig,  in  part  for  use  in  the  manufacture  of 

Bessemer  steel,  is  indeed  produced,  but  the  whole  product  is 
only  30,000  tons  per  year.  Including  the  reworking  of 
8crap-iron«  the  production  of  bar-iron  amounts  to  50,000 
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ITALY. 


Importation  of 
iron. 


Coal. 


Vcrj'  limited 
sapply. 


tons.    The  importation  of  iron  exceeds  200,000  tons  annu- 
ally. 

About  300  tons  of  copper  and  10,000  of  lead  are  annually 
turned  out.    In  the  immediate  neighborliood  of  Genoa  there  eopSar  wS\«id  ^ 
is  a  lead-refining  works,  and  shops  for  the  manufacture  of 
utensils  and  of  ornamental  work  in  various  metals  are  dis- 
tributed over  the  whole  kingdom. 

GoaL*^ — ^As  has  already  been  remarked,  Italy  is  poor  in 
mineral  fueL    Bituminous  coal  is  found  only  in  the  province 
of  Udine,  in  Sicily,  and  even  this  deposit  is  of  no  importance. 
Neither  are  the  anthracite  deposits  of  Italy  of  much  value. 
The  best  known  is  in  the  valley  of  Aosta,  Piedmont,  from 
which,  however,  scarcely  500  tonnes  (of  1,000  kilos)  are  yearly 
extracted.    Lignite  of  Tertiary  age  is  however  more  plenty. 
The  most  extensive  lignite  or  brown-coal  fields  are  in  Tus-   Ugnito  fleida. 
cany,  ligmien,  in  the  provinces  Vicenza,  Verona,  and  Ber- 
gamo, and  on  the  island  of  Sardinia.    The  total  area  of  these   Area. 
coal  fields  is  13,500  hectares,  =  51  square  miles.    There  are, 
besides,  tolerably  extensive  deposits  of  peat  at  the  foot  of  Peat, 
the  Alps. 

The  extent  of  the  output  of  brown  coal  is  apparent  from 
the  following  figures : 

Tonnes  of  1,000 
kUos,  2,204  lbs. 

Avenge  of  the  years  1866-1870 70,000    Output  of  Ug 

For  the  year  ISri 84,000 '***®* 

1872 95,500 

1873 110,305 

1874 121,855 

1875 101,640 

Tlie  peat  product  amounts  to  about  95,000  tonnes  yearly.    Peat  product 
Picked  specimens  of  fuels  analyzed  in  the  laboratory  of 
the  Royal  Technical  Institute  in  Florence  gave  the  follow- 
ing results  : 


Description. 


Locality. 


lignite 

Do 

Peat 

Prepared  peat 


MontelMonboli. 

Tatti 

Ghedi 

....do 


o 

CO 


1.32 
1.60 


1.28 


I 


73.44 
73.10 
55.60 
50.00 


I 


6.15 

5.88 
a  72 
6.80 


(S 

to 


13.20 
15.89 
33.83 
32.43 


•g 


6.10 
2.50 
2.80 
8.77 


Analyses  of  lij; 
nite  and  peat. 


0) 


o 


7.485 
7.220 
5.853 
4.978 


It  is  plain  that  in  spite  of  the  very  moderate  consumption 
of  fuel  in  Italy  the  importation  of  coal  must  reach  consid- 
erable figures. 


J,  PechaVj  Eohle  und  Eisen, 
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The  imported  coal  comes  almost  exclusively  from  England, 
in  what  quantities  appears  in  the  following  table : 

Italian  trade  in  coal,  in  tonnes  of  1,000  kilos. 


Table  of  impor- 
tation and  expor- 
tation of  cobL 


Years. 


1866 
1867 
18G8 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


Importa- 
tion. 

Exporta- 
tion. 

524,042 

1,879 

615, 043 

2.068 

580,388 

3,934 

653,094 

6,442 

041, 780 

11,456 

701,5a) 

12,590 

1,039,724 

5.002 

059,632 

4,189 

1,032,033 

4,778 

1, 0*^0, 816 

7,738 

454,542 

5,794 

'">■■  Iron, — ^If  Italy  possessed  coal  in  proportion  to  the  qiian- 

Large  deposits  titv  and  quality  of  her  iron,  she  would  take  rank  with  the 

of  excellent  qual-       *^       ,  ,       .  ,    .  «  /,  ,  ,        -r     .,         i 

ity.  great  iron-producing  countriesof  the  world.    In  the  absence 

of  coal  the  iron  industry  is  of  little  importance  and  ad- 
smoiting  with  vauces  but  slowly.    Smelting  is  effected  almost  exclusively 
with  charcoal,  and  it  is  more  profitable  to  export  ore  than 
to  smelt. 

IRON  ORES. 


Iron  ores. 


Table  of  the  prodaction,  importaiioUf  and  ejcportaHon^  in  tonnes  of  1,000  kilos. 


Production,  im- 
portation, and  ex- 
portation :  1850- 
1876. 


Years. 


Prodnc- 
I     lion. 


1830 
1800 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 


64,000 

71,000 

145, 000 

105,000 

102,000 

101,000 

74,000 

72,000 

107,000 

260.000 

265^000 

234,000 

248,000 


Importa- 
tion. 


E 


302 

6,578 

0,263 

1 

1 

7 

45 

431 

12 

"53 


18,110 

31,563 

24,513 

54,122 

40,711 

46.322 

168.472 

151.  M9 

20^897 

10(^157 

197.607 


Localities  of    iron  miucs  are  worked  in  the  Lombardic  provinces  of 

eiron    ncs.    g^pgj^m^^^  Brcscia,  and  Como,  in  Sardinia,  and  in  the  Pied- 

montese  provinces  of  Turin  and  Kovara,  but  the  most  fruit- 

Eiba.  ful  mines  are  those  of  Elba,  and  to  them  is  due  the  credit 

of  the  greater  part  of  the  production  recorded  in  the  fore- 

Historical  iron  goiug  table.    The  iuexhaustiblc  iron  mountain  of  Elba  has 

^^^  been  celebrated  from  the  earliest  times,  and  was  worked  by 

the  Etruscans  and  the  Romans.    The  ore  is  shipped  at  the 
vermcanomine.  harbor  of  Rio,  in  the  neighborhood  of  which  lies  the  Ver- 
rucano  Mine,  the  most  important  in  the  island. 

Since  1872  the  production  of  iron  ores  in  Italy  has  1)een 
tolerably  large,  and  in  the  last  two  years  the  exportation 
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lias  been  four-fifths  of  the  output  The  exported  ore  goes  "'^^- 
mainly  to  France,  but  a  few  ship-loads  go  as  far  as  the  iron  ore. 
United  States. 

Mine8  of  Malfidano.  t?i  Sardinia,  „z|bc  mines  of 

The  change  brought  about  in  the  zinc  industry  by  the  re- 
opening of  the  ancient  mines  of  Sardinia  and  Greece  is  fa-  Ancient  mine. 
miliar  to  alt  who  have  to  do  with  that  metal,  and  informa- 
tion concerning  these  resuscitated  mining  districts  will  be 
welcome  to  many.  Accordingly,  a  large  part  of  the  Notiaj 
published  by  the  Zinc  Mining  Company  of  Malfldano,  is  here 
repit)duced. 

The  deposits  worked  by  the  Malfldano  Company  are  o^thoSotaHifrrouI 
two  general  descriptions.  For  the  most  part  they  partake  ^«in«  worked  by 
of  the  character  of  bedded  veins.  This  is  the  case  at  Mal- 
fldalDO,  at  Genua- Arenas,  and  at  Plauu-Sartu.  But  some- 
times they  are  masses  or  chimneys  of  ore,  which  apx>ear  to 
bear  no  relation  to  the  stratification  of  the  inclosing  lime- 
stones, except  that  they  preserve  the  same  dip,  which  is 
more  or  less  nearly  vertical,  as  at  Planedda  and  at  Monte- 
Bexio.    The  limestones  are  supposed  to  be  Silurian. 

The  most  important  of  these  deposits  is  that  of  Malfidano,    Tbedepoaitaai 
which  contains   calamine,  blende,  galena,  and    cerusite. 
These  minerals  are  mingled  without  any  order  in  the  de- 
X>osit.    Calamine,  however,  predominates  and  constitutes 
seven-eighths  of  the  whole. 

The  deposit  of  Malfldano  takes  the  form  of  an  immense 
vein,  parallel  to  the  stratification  of  the  limestones.  It« 
limits  have  not  yet  been  precisely  determined. 

This  vein  appears  to  have  two  branches.  In  the  more  ^^  the*Smin? 
important  of  them  the  calamine  is  generally  distributed  ▼«*»• 
in  masses  or  chimneys,  which  are  parallel  to  the  limestone 
beds.  These  chimneys  or  masses  of  ore  exhibit  very  vari- 
able horizontal  dimensions,  and  sometimes  attain  a  thick- 
ness of  twenty  meters.  When  several  of  them  unite,  as  is 
not  infrequent,  the  ore  is  developed  in  the  general  direction 
of  the  deposit  for  a  hundred  meters,  or  even  more.  Else- 
where the  calamine  is  distributed  more  regularly  In  veins 
of  varying  thickness.  In  both  modes  of  distribution  the  ore 
follows  the  general  dip. 

It  is  in  this  branch  of  the  vein  that  the  mine  of  Malfldano, 
properly  so  called,  is  situated.  The  other  branch  contains 
few  workable  deposits. 

The  deposit  at  Planedda  has  the  form  of  an  inverted  trun-  ^^l^'^  ***  ^^ 
cated  cone,  the  larger  ba^e  reaching  the  surface,  where  it 
presents  an  area  of  about  1^200  square  meters.    At  GO  me- 
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_  ters  from  the  surface  the  area  is  about  110  square  meters, 
Zinc  minea  of  below  which  there  is  no  ore  of  any  importance.    This  mass 
seems  to  have  been  nearly  worked  out.    The  ore  is  pnnci- 
ed^°®  ^^  ^^^'  P^^^  earthy  calamine,  but  of  remarkably  constant  compo- 
sition, carrying  from  39  to  43  per  cent,  of  zinc. 
min^*°°*^^^***     ^^  ^^®  deposit  of  Monte-Bexio  are  found  various  concen- 
trations of  calamine,  occurring  in  masses  of  varying  size 
in  dolomite  limestones.    The  mass  bearing  the  n£lme  '^  De  la 
Routej^  is  the  most  important  ]  it  measures  100  meters  by  30, 
and  has  been  explored  for  50  meters  in  depth  without  reach- 
Character  of  ing  its  inferior  limit.    It  consists,  for  the  most  part,  of  white 

tllO  deposit.  J  sr  1 

calamine,  which  is  nearly  pure  carbonate,  and  of  yellowish 
calamine  covered  with  crystals  of  zinc  silicate.  The  ore  is 
mixed  with  lime-spar  ferruginous  matter,  containing  a  small 
amount  of  zinc.  The  ore  of  this  mine,  like  that  of  Pla- 
nedda,  contains  little  or  no  metallic  sulphides. 
^^^uma-AienM     The  Genua- Arenas  Mine,  to  the  west  of  jVIonte-Bexio,  has 

not  been  worked  to  any  great  extent.  It  consists  of  lenticu- 
lar bodies,  sometimes  isolated  and  sometimes  connected  by 
veins  of  calamine. 
pionuSartu  The  Plaiiu-Sartu  claim  contaiiis  two  deposits,  distiuguishcul 
as  the  north  and  south  bodies.  !N'ext  to  Malfidano  the  south 
body  is  the  most  important  and  richest  of  the  deposits  be- 
longing to  the  company,  and  it  is  the  most  regular  of  all. 
Its  general  strike  is  north  25^  east,  and  its  croppings  extend 
for  340  meters,  and  are  from  40  to  50  meters  wide. 

the  de^^oSt**^'^  ^^     ^^  ^'^^  surfacc  the  ore  forms  a  series  of  lenticular  bodies, 

arranged  like  a  string  of  beads,  and  were  very  profitably 
worked.  But  in  depth  the  walls  of  these  ore  bodies  ap- 
proached each  other,  whence  it  was  believe<i  that  the  de- 
posit of  the  Planu-Sartu  would  give  out.  But  explorations 
by  shafts  proved  that  below  the  croppings  there  are  veins 
of  considerable  thickness  and  great  regularity,  such  as  are 
seldom  found  in  deposits  of  calamine.  All  these  veins  are 
parallel  to  the  limestone  beds  in  which  they  are  situated, 
and  are  remarkable  for  their  continuity  in  depth.  Five  of 
these  veins  have  been  discovered,  and  their  thickness  va  ties 
from  1.5  meters  to  5  meters.  At  some  points  they  open  out 
to  a  greater  width,  and  one  of  these  enlargements  reaches 
12  meters.  The  character  of  the  ore  of  this  mine  is  very 
varied.  The  color  is  white,  yellow,  red,  and  black,  and  the 
texture  varies  as  greatly  as  the  color. 

The  north  body  is  parallel  to  and  analogous  to  the  south 
body,  but  carries  comparatively  little  ore. 
Expioitatioa.       Uxploitation, — The  mines  of  the  Malfidano  Company  seem 
to  be  exceptionally  weil  situated  for  working,  for  a  large 
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part  of  the  or©  lies  at  or  near  the  surface,  whileat  the  same       "'^^^- 
time  the  topography  is  such  that  tunnels  can  be  run  into    zinc  mines  of 
the  ore  bodies.    Hence,  the  deposits  can,  for  the  most  part, 
be  worked  as  open  casts,  and  the  material  dumx)ed  through 
chutes  to  the  tunnels,  through  which  it  is  brought  to  the 
surface  nearly  at  sea-leveL    Underground  workings  of  the   workings. 
ordinary  character  are  also  necessary  in  a  few  places.    There 
is  little  trouble  with  water. 
Production  of  ore. — ^The  ores  extracted  are  divided  into  ^  ciastdficaUon 

of  ores. 

two  great  classes,  lump  ore  and  earthy  ore.    The  latter  come 
almost  exclusively  from  Plancdda  and  Planu-Satu.    The 
production  of  lump  ores,  from  the  organization  of  the  com-  luS^Sf^**"  **' 
pany,  has  been  as  follows : 

Tonnes. 

1866-'67. 28,7531886-1877. 

1868 35,967 

1869 33,969 

1870 1 16,287 

1871  15,290 

1872 26,878 

1873 29,073 

1874 31,459 

1875 35,119 

1870 42,364 

1877  45,598 

Total 340,756 

In  addition,  there  have  been  produced,  during  the  same 
period,  59,102  tons  of  earthy  ore  sufficiently  rich  for  sale. 
An  ore-dressing  works  is  being  constructed  at  Buggerru  for        works  for 

dressing    earth}' 

the  treatment  of  a  couple  of  hundred  thousand  tons  of  low-  ore. 
grade  ore  now  on  hand,  and  will  go  into  operation  at  the 
end  of  1878. 

Besides  the  ore  above  mentioned,  21,250  tons  of  zinco-     zincopinmbi- 
plumbiferous  ore  has  been  sorted  out  from  the  products  of  *^™°*®"* 
the  mines.    The  following  is  given  as  the  mean  composition 
of  the  ore  actually  extracted  from  the  Malfldauo  Mine : 

Percent. 

Carbonic  acid  and  combined  water 26. 40    ADalysis. 

Zinc 40.00 

Oxygen -. 10.06 

SiUcicacid 5.00 

Lead : 5. 54 

Ferric  oxide  and  alominnm 6. 50 

Lime  and  magnesia 4. 40 

Sulphur 2.00 

Total 99-90 

This  composition  is  nearly  the  average  of  the  ores  from 
the  various  mines,  which  contain  from  38  to  45  per  cent,  of 
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_  zinc.    The  earthy  ores  are  of  a  similar  compositiou.    The 
Zinc  mines  of  zinco-plumbiferous  ores  contain  34.50  per  cent,  zinc,  20.50 

Anowris        ^^^  ^^*'  1^*^?  ^^^  1^  grams  of  silver  per  ton  of  ore. 

These  latter,  as  well  as  the  earthy  calamines,  are  sold 

Exploitation,  j^^^^  while  the  lump  ores  of  zinc  are  roasted  at  Baggerra, 
with  charcoal,  in  shaft  furnaces  6  meters  high  and  3  meters 
in  diameter  at  the  widest  point. 

Calcining.  The  calciuiug  increases  the  zinc  contents  of  the  ore  to 

54.40  per  cent.,  and  it  is  said  that  the  variation  in  the  com- 
position of  the  roasted  calamine  does  not  amount  to  1  per 
cent. 

Workmen.  The  number  of  workmen  employed  by  the  company  is 

1,465. 


XI. 


SPADT. 


sPAiir. 


So  fkr  as  natural  resources  are  concerned,  Spain  is  one  of   Gnmd  natan] 

resourcosiiiluad, 

the  first  mining  countries  in  the  world.  It  leads  all  countries  quickBiirer,  cop- 
in  the  amount  of  lead  and  quicksilver  produced;  the  copper- ^*^'  ^^ 
mining  district  of  Huelva  is  one  of  the  most  important  in 
Europe ;  the  iron  mines  of  Bilbao  are  as  famous  for  the 
quantity  of  their  ores  as  for  the  quality  of  the  metal  pro- 
duced from  them ;  its  coal  fields  are  extensive  and  have  the  oo&i  and  zinc. 
advantage  of  lying  near  the  sea-coast ;  and  ores  of  zinc  and 
other  metals  abound.    The  exhibits  made  at  Paris,  however,  ^  inade^iute  ex. 

'  '  hibit  in  Paris. 

as  far  as  Glass  43  isc  oncerned,  were  utterly  unsatisfactory, 
some  of  the  most  famous  mines  not  even  being  represented 
by  specimens  of  ore,  and  information  either  as  to  the  mining 
statistics  of  the  country  or  as  to  the  nature  and  workings  of 
particular  deposits  was  ccmspicuous  only  by  its  absence. 

Under  these  circumstances  the  Commissioners  would  be 
justified  in  omitting  any  report  upon  the  Spanish  exhibit, 
but  Spain  plays  a  part  really  so  important,  and  potentially 
so  much  more  so,  in  the  mining  industries  of  Europe,  that  a 
few  &ct8  gleaned  from  various  authors  are  here  set  down. 

The  following  rdsumS  of  the  product  of  the  metallic  mines   ^^g?2d'^°"* 
of  Spain  is  taken  fix>m  a  work  by  M.  Denis  de  Lagarde : 

ProducHon  of  ores  in  Spain, 


OreB. 


Lead 

Argenti&TOns  lead . . . 

Silver j 

Argentiferous  pyrites 

Copper 

Argentiferoos  copper 

Zinc 

Kickel  and  coltalt  — 


1807. 


Tonnet. 

337,093 

30,417 

1.648 

25 

237,488 

110 

86.822 

122 


1808. 


1800. 


Production    ol 
ores    in    Spain : 

1867-1800. 


Tonnst. 

317, 670 

28,908 

3,404 

600 

227, 732 

95 

131,407 

1 


IVmiMt. 

278,874 

38,440 

2,031 

1,826 

306,620 

223 

113,485 

83 


While  no  trustworthy  figures  are  attainable  for  the  prod- 
uct of  the  Spanish  mines  since  1869,  it  is  known  that  the  fig- 
ures of  the  above  table  have  undergone  considerable  modi- 
fication. The  amount  of  lead  and  zinc  produced  has  dimin- 
ished, while  that  of  copper  has  largely  increased. 

The  chief  lead-mining  province  of  Spain  is  Murcia,  on  the 
southeastern  coast,  which  produces  two-thirds  of  the  yearly 
output.    The  province  of  Santander^  on  the  Bay  of  Biscay, 
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of  Murcia. 
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Zino  mines  of 
Santander  and 
Morcia. 

Copper. 


Iron  ore. 


CoaL 


Cause  of  the  in- 
adequate prose- 
cution of  coal 
mining. 


Extent  of  Span- 
ish ooal  fields. 


History  of  coal 
mining  in  Spain. 


in  Old  Castile,  leads  in  the  production  of  zinc,  bat  the  prov- 
ince of  Murcia  stands  next  to  it,  and  the  two  together  pro- 
duce nine-tenths  of  the  total  zinc  product  of  the  country. 
Almost  all  the  copper  is  produced  in  Huelva,  which  hes  in 
the  southwestern  comer  of  Spain,  adjoining  the  great  py- 
rites-mining district  of  Portugal.  Iron  ore  is  largdy  mined 
both  in  the  Bay  of  Biscay,  in  the  neighborhood  of  Bilbao, 
and  in  the  southeast  (Murcia),  while  coal  comes  chiefly  from 
Asturias  and  Palencia,  on  the  northern  coast,  but  also  from 
Cordova,  in  the  south. 

The  following  notes  are  mostly  taken  fix)m  M.  J.  Pechar's 
valuable  treatise,  Kohle  und  Eisen  in  alien  Laendern  der 
Erde  : 

Spain  possesses  such  important  deposits  of  coal  tiiat  the 
entirely  inadequate  prosecution  of  coal  mining  would  be  very 
remarkable  were  it  not  fully  explained  by  the  unfavorable 
political  conditions  of  the  country. 

The  extent  of  the  coal  fields  of  Spain  is  estimated  at 
906,720  hectares  (nearly  3,500  square  miles).  The  store  of 
coal  is  supposed  to  be  frt^m  3,000  to  3,500  million  of  tons. 
Of  this  two-thirds  can  certainly  be  mined  with  profit,  and  at 
the  present  rate  of  consumption  (a  million  and  a  half  of  tons 
a  year)  would  last  Spain  for  1,300  years. 

Coal  mining  in  Spain  was  begun  about  the  middle  of  the 
eighteenth  century,  but  in  1825,  on  the  promulgation  of  a 
new  mining  law,  there  was  no  coal  being  mined.  Since  thai 
time  there  has  been  a  very  gradual  rise  in  the  production 
and  consumption.  But  more  than  half  the  amount  used  is 
still  imported,  as  will  be  seen  by  the  following  table : 


statistics 
of  Spanish  cosl 
mines  and  work* 
ings. 


Coal. 


Lignite. 


Provinoes. 


© 


TBUB  COAL. 

Oviedo 

GordoTa 

Palencia 

Sevilla 

Gerona 

Leon 

Borgos 

Total 

UOVITE. 

Barcelona 

Santander 

Guipiucoa    

Teruel 

Loffrofio 

Alicante 

Balearic  lalet 


AerM. 

61,874 

1,769 

8,341 

94 

748 

996 

408 


4,605 
198 
304 

1,047 
124 
U9 
282 


s 


I* 


8,883 

1,066 

1,540 

120 

42 

89 

48 


Steam-enginea. 


50, 229      6, 738 


165 
66 
12 
77 
10 
12 
61 


I 


6 
14 
8 
8 
1 


82 


3 

o 
ft 


S 


I 

P4 


144 

272 

97 

95 

50 


IVmnct. 

874, 914 

176,338 

119, 2JB 

13,500 

6,880 

4,721 


658     696^840 


10 


7,516 

2.022 

1,584 

1,157 

243 

206 

200 
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Extent  of  cool  prop- 
erties being  worked. 

g  • 

a 

1 

4 
34 
29 
27 

Steam-engines. 

Provinces. 

1 

1 

Horse-power. 

4J 
1 

Liamn. 

Aeret. 

80 

277 

259 

272 

Tonnee. 
200 

Gerona 

140 

Oriedo 

56 

Castellon 

20 

■ " 

Total 

7,517 

587 

1 

10 

13,346 

AtrffnumtA 

66, 746 

7,325 

38 

659 

708,686 

6«*'T»"*'*'  •"" •• 

8PAIX. 


Statistics  of 
coal  industry. 


Tears. 


1860 
1865 
1870 
1871 
1872 
1878 
1874 
1875 
1876 
1877 


4 

Produotioi 

1. 

Importa- 
tion. 

Traecoal. 

Lignite. 

Total 

Townee. 
820,899 
401,396 
621. 832 
689,707 
687, 791 
658,744 
695, 340 
028, 810 
675, 926 
699,600 

Toiwnes. 
18,952 
34,869 
40,005 
43.824 
33,400 
20,038 
13,346 
25,689 
80,888 

339,857 
495,755 
601. 927 
633,531 
721, 251 
679,682 
708^686 
654,409 
706,814 

Townee. 
452,479 
894,800 
566,011 
634,897 
502,667 
619,248 
580,708 
704,287 
774, 770 
837,053 

Production, 
importation,  con- 
Consump-  »aTOption : 
tion. 


Tcnnee. 
792, 830 
890,561 
1, 228, 838 
1, 168, 428 
1, 313, 818 
1, 298, 930 
1,289,394 
1, 358, 786 
1,481,584 
1, 536, 553 


1860-1877. 


lu  the  report  on  England  an  interesting  table  was  given      comparative 

,         .         . ,  «  1.  •   1     j.1.  1         •      J  consumption  for 

showing  the  purposes  lor  which  the  coal  raised  was  con-  various    purpo- 
sumed.    The  consumption  in  Spain  from  1872  to  1874  for  ^"' 
various  purposes  was  as  follows : 


Mineral  industries 

Bailways 

ninminaUng  gas 

Navy 

Merchant  marine 

VArioas  industries  in  Catalonia 

Various  indnstziea  in  other  proTinces. 


Total. 


Tonnes. 


500,000 
190,000 
110,000 
28,000 
110,000 
146,000 
216.000 


1,300,000 


Per 

oent. 


88.6 

14.7 

8.5 

2.2 

8.5 

11.3 

ia2 


100.0 


It  is  by  no  means  impossible  that  the  coal  fields  of  Spain  convenient  po- 
may  hereafter  be  developed  to  an  enormous  extent.  What  SSS?.**'  **"*  *^"^ 
gives  them  an  especial  value  is  that  many  of  them  lie  close 
to  the  coast — an  advantage  shared  in  Europe  only  by  the 
coal  mines  in  Wales  and  the  north  of  England.  Spain  is 
therefore  in  a  position  to  supply  with  coal  the  countries  lying 
about  the  Mediterranean,  most  of  which  are  poorly  off  for 
mineral  fuel,  and  to  ship  it  through  the  Suez  Canal  to  Asia. 
The  first  object  must,  however,  be  to  supply  the  home  con- 
sumption, for  which  purpose  the  output  will  have  to  be  more 
thiaii  doubled. 
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^^^^'  What  arc  the  difficulties  which  have  hitherto  stood  iu  the 

Coal.  way  of  and  still  prevent  the  development  of  the  coal  fields? 

They  are  lack  of  capital,  and  of  enterprise,  and  of  facilitie£( 

of  th^MmSf^es  ^"^^  transportation.    When  the  legislation  of  Spain  permits 

^ioita?ion'**  **  ^^®  association  of  capital ;  when,  in  general,  the  domestic 

conditions  of  the  country  have  improved;  when  a  system  of 
railways  has  been  developed ;  and  when  the  managers  of 
the  raill*oads  better  understand  the  purposes  for  which  car- 
rying companies  are  founded,  then  no  doubt  mining  in  Spain 
will  flourish  in  proportion  to  its  mineral  resources. 
Iron  opes.  The  great  wealth  of  Spain  in  the  best  of  iron  ores  is  well 

The  rich  and  kuowu.    The  Spanish  deposits  of  the  finest  carbonate  and 

imx>ortant  bedsof  _ 

iion  ores.  oxidc  orcs  are  among  the  most  important  in  Europe.    TJuder 

other  domestic  conditions  Spain,  possessing  extensive  coal 
fields,  might  compete  with  England  in  the  iron  industry.  Up 

i^oni^t"^^^  the  year  1873  the  output  of  iron  ores  made  great  prog- 
ress ;  in  1874,  partly  in  consequence  of  the  Garlist  war,  the 

turb^SS^"^  *^'  production  sank  to  one-half.    No  doubt  the  panic  of  1873  in 

the  commercial  circles  of  all  countries  was  also  influential  in 
the  same  direction. 

The  following  are  a  few  data  as  to  the  production  and  ex- 
portation of  iron  ore,  which  cannot  be  extended  for  want  of 
data.  The  unit  is  the  metrical  tonne  of  1,000  kilos,  or  2,205 
lbs.: 


Frodactionand  p  i 

exportation      of  Yeaw.  I  Production.    ExportaUoii. 

iron  ores : 


1871-1877.  1871. 

1872. 
1873. 
1874. 
1875. 
1876. 
1877. 


585, 7C2 
781, 468 
811, 926 
402,953 
496,528 
908,899 
1, 162. 170 


391. 43G 
745.802 
800.381 


In  1877  the  production  of  iron  ore  was  distributed  as  fol- 
lows: 

Tonnea. 

Production  by  Biscaya 702,090 

provinces.  Murcia '200,000 

Oviedo 59,400 

Other  provinces 200,680 

Total 1»  102, 170 

Anaiyaes.  The  foUowing  aualjses  of  Biscayan  iron  ore  were  made 

in  the  laboratory  of  El  Carmen  Iron  Works,  at  Baracaldo, 
near  Bilbao.  Fnder  the  term  vena  dulce  is  understood  the 
purest  red  hematite ;  eampanil  is  also  red  hematite,  which 
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SPAIN. 


for  the  most  part  contains  limestone,  and  is  especially  sought 

for  export,  mineral  ruhio  is  brown  iron  ore :  iron  ores. 


Irun  oxide 

SiUca 

AlaiDinft    

Hanganic  oxide 

Lime 

Magnesia    

Salpbnr 

Phosphoms 

Water.eto 


Total 


HctaUloiron 


Vena  dulcc. 


1. 


88.20 
1.85 
1.53 
1.78 
9.27 
Trace. 


3.81 


2. 


80.78 
2.63 
1.38 
2.24 
0.39 
0.46 


6.12 


1. 


CaiDpanil. 


2. 


80.75 
8.24 
3.10 
a  15 
0.82 
1.04 


2.00 


100.00 


100.00  '  100.00 


60.52 


84.01 
3.20 
0.40 
4.88 
0.40 
0.80 


6.81 


73.00 
5.70 
3.tJ0 
5.80 
0.45 
1.25 


1.25 


100.00  ,  100.00 


58.80  I    51.78 


Minoral  rubio. 


1. 


70.14 
7.20 
2.40 
2.45 
2.23 
0.71 
Trace. 

"5.27 


2. 


83.75 
&25 
3.20 
3.17 
L36 
Trace. 
0.04 

3.23 


100.00  I     100.00 


55.40 


68L62 


Analysea. 


XII. 

__  PORTUGAL.  POETUGAL. 

The  following  informatioa  is  derived  from  articles  pub- 
lished in  the  special  catalogue  of  the  exhibit  of  Portugal. 
Geoiogi^     Almost  all  the  known  geological  formations  are  found  in 

character  of  the  _^  _^  r»  o 

country.  Portugal.     One-third  of  its  area  is  composed  of  igneous 

rocks,  such  as  granites,  diorites,  porphyries,  and  basalts ;  a 
second  third  of  the  more  ancient  sedimentary  formations, 
schists,  grauwackes,  and  crystalline  limestones. 

Granites  predominate  at  the  north  of  the  country  and 
toward  the  center,  syenites  and  diorites  are  more  frequent 
to  the  south  of  the  Tagus,  and  the  porphyritic  rocks  are 
found  almost  exclusively  at  the  center  of  Alemt^jo,  in  the 
southern  portion  of  the  kingdom,  while  the  basalts  occur  to 
the  north  of  Lisbon.  The  schistose  rocks  of  the  ArchaBan, 
Silurian,  and  Devonian  formations  occupy  the  remainder  of 
the  north  and  of  the  center,  as  well  as  of  nearly  the  whole 
of  the  southern  portion  of  the  country.  The  Secondary 
beds  constitute  nearly  the  whole  of  the  zone  comprised  be- 
tween Aveiro  and  Lisbon,  the  mountains  of  Arrabida,  and 
the  shores  of  Algarve,  the  southernmost  province  of  Portu- 
gal. Finally,  the  Tertiary  and  alluvial  deposits  cover  a  large 
area  towards  the  center,  and  are  found  disseminated  through- 
out the  country.  A  great  number  of  metalliferous  veins, 
generally  forming  distinct  groups,  traverse  these  formations. 

ingSf  m"etaS^'     ^^^^.Y  ^^  ^hc  important  ore  deposits  of  Portugal  were 
01I8  deposits,      worked  by  the  ancients,  who  left  numerous  traces  of  their 

operations.  Mining,  however,  was  for  a  long  time  utterly 
neglected,  and  may  be  said  to  have  recommenced  in  our  own 
days.  Until  1820  the  mines  were  considered  as  national 
property,  and  the  ownership  was  vested  exclusively  in  the 
Abolition  of  government,  but  at  the  initiation  of  the  constitutional  sys- 

govemmentmon-  *=»  /  •/ 

opoiy  In  mines,    tcm  this  mouopoly  was  abolished,  and  private  individuals 

were  permitted  to  work  the  mines  upon  payment  of  an  an- 
nual tax  of  five  per  cent,  upon  the  product.  This  state  of 
things  continued  until  the  close  of  1852,  when  the  law  now 
in  force  was  enacted. 

Theminiiigiaws.      The  fundamental  principle  of  this  law  is  that  mines  are 

state  property.  Under  it  the  discoverer  of  a  metalliferous 
deposit  or  one  of  mineral  fuel  can  record  and  enter  on 
possession  of  a  claim  in  spite  of  any  opiK)sition  on  the  part 
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of  the  proprietor  of  the  sarface ;  the  latter  is,  however,  en-     pqbtcqal. 
titled  to  full  damages  and  to  a  royalty.    It  is  obligatory   Mining  lawg. 
upon  the  claimant,  within  six  months  after  his  claim  has        KespectiTe 
been  inspected  by  a  government  official  and  pronounced  ciSn  of  motauif' 
legitimate,  to  begin  active  operations,  otherwise  the  title  isa^°'of  t^%T^ 
forfeited.    A  patent  is  granted  in  perpetuity,  but  the  prop-  ESa!*^"  °^  ^^"^ 
erty  must  remain  undivided,  and  must  be  continuously   Patents. 
worked .    Furthermore,  the  workings  must  be  kept  in  a  safe   ObUications  of 
condition,  and  a  tax  of  nve  per  cent,  on  the  net  revenue  is  ant. 
collected.    Half  of  this  tax  is  paid  to  the  proprietor  of  the 
soil  as  royalty.    A  further  tax  is  levied,  amounting  to  $89 
per  10,000  square  fathoms.*    The  taxes  collected  form  a   xoxes. 
special  fund,  to  be  applied  in  such  ways  as  the  government 
sees  fit  to  the  advantage  of  the  mining  industry.    These 
taxes  are  not  collected  for  two  years  after  the  patent  is 
granted.    Ores  are  subject  to  no  export  duties. 

On  the  1st  January,  1878,  there  were  276  concessions  for   concoasiona  iu 
mining  enterprises  in  force.  ^^^^  *°  ^^^^ 

The  kingdom  is  divided  into  four  mineral  districts,  and  a      Mineral  dis- 
mining  engineer  is  attached  to  each  in  the  quality  of  in- 
spector.   It  is  his  duty  to  see  that  the  provisions  of  the 
mining  law  are  enforced. 

Iron. — All  provinces  of  the  kingdom  abound  in  iron  ores,    iron. 
and  each  of  the  various  ores  of  this  metal  is  found  in  work- 
able quantities.    They  are  found  in  veins  in  the  schists  of 
Alemt^jo  and  among  the  Secondary  rocks  to  the  south  of 
Leiria,  where  they  are  accompanied  by  beds  of  lignites. 

Lead. — ^Lead  mines  also  abound,  although  many  of  them.  Lead, 
supposed  to  be  susceptible  of  great  development,  produce, 
as  yet,  but  little  ore.  The  most  important  seem  to  be  the 
mines  of  Mertola,  near  the  Ouadiana.  These  contain  ga- 
lena yielding  seventy  per  cent,  of  lead  and  from  five  hun- 
dred to  six  hundred  grams  of  silver  per  ton.    The  carbon-     Argentifemns 

galena,  etc 

ates  which  accompany  the  galena  are  sometimes  still  more 
argentiferous.  Lead  sulphate,  crystallized  and  amorphous, 
also  accompanies  the  ores.  Sometimes  tetrahedrite  accom- 
panies lead  ores,  which  then  carry  from  950  to  1,000  grams 
in  silver  per  ton. 

Copper. — The  principal  copper  mines  are  in  the  Evora   copper, 
district,  where  a  considerable  number  of  veins  are  found  in 
granites  and  porphyries.    Another  important  deposit  is  that 
of  Palhal,  in  Aveiro. 

The  great  metalliferous  district  of  the  Spanish  province 

*  The  Portngaese  fathom  is  86.56  inches  EogliBb,  and  the  above  area  is 
nearly  12  acres. 
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POBTUGAL. 
Copper. 

Tin. 


Zinc 


Anthracite. 


Lignite. 


Salt 
Prodnction. 


Quarries. 


of  Hnelva  also  extends  into  Portugal,  and  great  bodies  of 
cupreous  pyrites  are  found  in  Saint  Domingos,  Aljustral, 
and  Grandola. 

Tin, — ^Tin  is  found  in  the  granites  near  Porto  and  else- 
where, and  as  fluvial  deposits  in  a  large  number  of  locali- 
ties, but  in  smaU  quantities. 

Zinc. — Zinc  is  represented  in  Portugal  chiefly  by  blende, 
found  in  association  with  galena.  Blendes  occur  which  are 
so  argentiferous  as  to  be  classed  with  silver  ores. 

Portugal  possesses  also  mines  of  manganese,  antimony, 
nickel,  cobalt,  and  silver. 

There  are  seams  of  anthracite  near  the  Devonian  schists 
oi  the  mountains  of  Vallengo  and  of  Bussaco,  as  well  as  a 
certain  amount  of  Carboniferous  territory  to  the  southeast 
of  Alcacer  do  Sal.  There  are  also  Jurassic  lignites  to  the 
south  of  Leira  and  in  the  mountains  of  Buarcos.  The  coal 
mines,  however,  are  not  worked  steadily,  as  they  are  scantely 
profitable,  though  the  coal  is  of  good  quality. 

Salt — There  are  no  less  than  1,200  salt  marshes  on  the 
coast  of  Portugal,  and  their  product  is  estimated  at  22,000,000 
hectoliters.  In  1866  246,000  tonnes,  worth  1,400,000  fr., 
were  exported. 

There  are  over  800  quarries  in  Portugal,  yielding  marble, 
granites,  sLites,  clays,  sand,  etc. 

The  mining  industry  of  Portugal,  while  it  is  not  unim- 
portant, is  subject  to  great  fluctuations. 

The  following  is  the  mean  annual  production  of  the  Porta- 
guese  mines  for  the  x>eriods  named : 


Mean  annnol 
prodnction  of 
metala  and  coal: 
1861-1872. 


1851-1860. 


Ores. 


Cnpreons  pyrites . . . 

Ssr;;;:::.:.:::. 

Antimony 

Tin 

Coal 

Manganese 

Argentiferons  zinc. 

Nickel 

Silver 

Iron  pyrites 

Iron 


Tonnes. 


Total. 


8,956 

1/285 

950 

60 

12 

15, 462 


Valnein 
ftancs. 


800,000 
809,000 
211,  000 
17,  000 
17, 000 
372,000 


1881-1870. 


1871-18T2. 


Tonnes. 


Value  in 
francs. 


4  I 


as,  679    1,226, 000 


285,840 

4,227, 

2,931 

164 

7 

19,002 

8, 832 

16 

5 

1.2 
23 
1,340 


7,005,000 

1,022, 000 

638,000 

50,000 

17,000 

578,000 

611,000 

2,000 

2,000 

500 

500 

17,000 


Tonnes. 


Value  in 
fhmcs. 


146^894  4,333,000 

1,892  450,000 

2,213  488.000 

19  5,500 


12,387 
14,226 


305.000 
1,228,000 


272, 888.2]  9.942, 000  '     180, 054 


2.423 


26,000 


6,833.500 
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Table  showing  the  exjportaiUm  of  Portugtteae  ores. 


1806. 

1867. 

1868. 

1800. 

1870 

1871. 

1872. 

1878. 

1874. 

1875 

1876. 


Lead. 


Tonnes. 


280 
951 
2,516 
1,039 
2,828 
1,593 
1,408 
1,127 
863 
1,289 


Value  in 
francs. 


72,472 
130,972 
883,022 
237,038 
316,788 
249,466 
260, 305 
308,816 
278,550 
,456,744 


Copper. 


Tin. 


POBTUOAL. 


EzjMrtation  of 
ores: 


Tonnes. 


915 
111,  873 

85,693 
140,739 
374, 363 
117,667 
181, 690 
222, 025 
168.054 
167, 776 

61,773 


Value  in 
fhmcs. 


5, 471, 233 
4, 398, 883 
7.011,404 
0, 178, 000 
5, 673, 705 
9,077,688 
11,027,777 
8,275,722 
8,809,165 
8, 115, 200 


Tames. 


10 
129 
91 
57 
28 
88 
58 


Value  in 
francs. 


1866-1876. 


14, 861 
80.477 
43,361 
91, 372 
26,005 
16,494 
21,577 


Years. 

Iron  and  manganese. 

Phosphate  of  lime. 

Tonnes. 

Value  in 
francs. 

Tonnes. 

Value  in 
francs. 

1866 

1867 

1868 

619 

1,809 

5,223 

12,994 

14,428 

4,442 

21,444 

80,945 

85^009 

43,822 

21,609 

59,538 

108,616 

496,500 

442,661 

650,872 

217, 616 

1,424,888 

1,303,316 

1,216,450 

787, 672 

550,505 

7 
48 

469 
72 

408 

36,427 

4,083 

23,161 

1800 

12,500 

1870 

17, 027 

1871 

1872 

1,817 

154 

857 

4,479 

i                  2,902 

1 

97,344 

1873 

1874 

8,555 
11,300 

1875 

1876 

164,855 
76,560 

Exportation 
of  phosphate  of 
lime: 


1866-187& 


The  consumption  of  metals  in  Portagal  was  as  follows  i^ofnSSs™^*'**" 
the  years  named : 


Metals. 


Steel tonnes. 

Antimony do  .. 

Quicksilver do  . . 

Lead do... 

Copper do... 

Tin do... 

Iron do  . . 

Tin-plate do.. 

Brass do... 

Zinc do... 

Gold grams. 

Platinum   do... 

Silver  do. . . 


1873. 

1874. 

938 

11 

1,029 

1 

16 

23 

862 

893 

240 

274 

76 

94 

24,933 

1,189 

824 

22,634 

1,143 

2311 

165 

146 

73,597 

4,789 

223,877 

88, 700 

2,280 

94,760 

1875. 


1873-1875. 


1,100 

6 

21 

824 

157 

68 

28,833 

1,267 

227 

236 

89,500 

101, 115 

172,430 


The  following  table  gives  the  exportation  of  crude  and^^^^"*^*®  o' 
manufactured  metals  from  Portugal : 


Metals. 

1873. 

1874. 

1875. 

Steel 

Lead 

Copper 

Tin 

tonnes.. 

do 

do.... 

..................  do .... 

92 
54 

51 

1 

1,665 

3 

96 

135 

29 

194 

114 

149 

272 

13 

Iron 

Tin-plate 

Brass 

Qnicksllrer 

Zfno         .   ..     ............... 

do  .. 

do.... 

do... 

do.... 

i,2ia 

1,718 
11 

06 

4 

2 

22,252 

2^624,509 

85 

do 

Gold 

saver 

grams.. 

do.... 

145,910 
2,562,808 

23,848 
498,096 

1878*1870u 


21  P 


•VOL  4 


322  UNIVERSAL    EXPOSITION   AT   PARIS,  1878. 

^OBTVQAL.  The  direction  of  the  mine  of  Saint  Dominpfos  presented 
PyriteaB^neof  at  the  Exposition  a  pamphlet  containing  a  very  graphic  iic- 
coant  of  the  difficulties  encountered  and  of  the  work  ac- 
complished at  that  important  mining  locality.  As  is  well 
known,  the  enormously  developed  pyrites  industry  of  Great 
Britain  largely  depends  upon  material  firom  this  mine.  Be- 
sides the  interest  which  the  description  derives  from  these 
facts,  it  will  be  refreshing  to  some  readers  to  turn  from  the 
statistics  which  enter  so  largely  into  the  present  series  of 
papers  to  an  account  of  the  industrial  and  social  conditions 
under  which  mining  enterprises  are  carried  on  in  Europe,  so 
curiously  different  as  they  are  from  those  prevailing  in  the 
United  States.  Almost  the  whole  of  the  Nbtiee  sur  la 
mine  de  pyrite  curtose^ise  de  8.  Bomingos  is  therefore  here 

translated. 

Mine  of  Saint  Bomingos. 

Goographicai     lu  the  midst  of  au  arid  and  rocky  country,  at  a  distance 
Stoe.^**  ^      *  of  about  nine  miles  from  the  Ouadiana  River  and  of  nearly 

thirty  miles  from  the  sea,  is  situated  the  cupreous  pyrites 
mine  of  Saint  Domingos,  in  Portugal.  It  lies  in  the  can- 
celho  or  commune  of  Mertola  (My  tilis  Julia  of  the  Romans), 
belongiag  to  the  administrative  district  of  Lower  Alemt6jo, 
the  chief  town  of  which  is  Breja. 
Geological  do-  Ocological  slcetck. — ^Thc  geogiiosiic  character  of  this  part 
^       °'  of  the  country  is  almost  identical  with  that  of  the  metallif- 

erous district  of  the  province  of  Huelva,  in  Spain.  Here, 
as  in  the  neighborhood  of  the  deposits  of  pyrites  of  Tharsis 
and  Rio-Tinto,  as  at  Aljustrel,  and  at  Grandola,  which  form 
a  sort  of  prolongation  of  the  same  zone  towards  the  west, 
the  metamorphism  of  the  schistose  rocks  is  very  pronounced. 
For  a  long  time  this  part  of  the  country  was  classified  as 
belonging  to  the  Devonian  perio<l,  and  the  rocks  about  the 
mine  were  considered  as  completely  Azoic.  The  investiga- 
NeryDcigaido.  tious  which  M.  !N"erj"  Delgardo,  a  Portuguese  geologist  of  the 
highest  merit,  has  recently  made,  lead  to  the  conclusion  that 
the  zone  just  spoken  of  belongs  to  the  Silurian  epochs  and 
shows  perfectly  distinct  traces  of  organic  fossils.  In  a  very 
interesting  paper  which  M.  Delgardo  presented  to  the 
Deductions  Royal  Socicty  at  Lisbon,  he  set  forth  the  reasons  which 
toio^caf  ^xam°-  havc  led  him  to  consider  these  rocks  as  a  formation  by  them- 

nation  of  the  for-       i  ^        •  ^  •  -j.!     ai.         j.t  i       •      i 

matioD.  selves,  haviug  no  connection  with  the  other  geological  re- 

gions of  the  peninsula.  From  examination  of  the  casts  of 
fossils  which  he  has  found  in  the  course  of  his  researches, 
and  of  the  geological  pheuomena  the  traces  of  which  he 
has  studied  and  compared  in  detail,  M.  Kery  Delgardo  draws 
inductions  equally  ingenious  and  plausible,  which  enable  us 
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to  follow  step  by  step  in  their  geological  succession  the  vi-     pqbtuqal. 
cissitades  which  this  part  of  the  terrestrial  crust  lias  under-    Mine  of  saint 
gone  at  the  remotest  period  of  the  earth's  history.  ^ 

The  succinct  nature  of  a  notice  like  the  present  scarcely 
I>ermits  of  our  drawing  more  largely,  as  we  should  be  truly 
pleased  to  do,  upon  geological  and  paleontological  disser- 
tations which  form  the  matter  of  M.  Nery  Delgardo's  me- 
moirs. 

Overlying  the  sahlbands  which  limit  the  mass  of  pyrites,  d^^tST^*^^ 
as  well  as  in  the  barren  country  rock  which  formerly  cov- 
ered it,  are  found,  among  argillaceous  schists,  the  croppings 
of  which  predominate  everywhere,  silicates,  grauwackes, 
iind  numerous  quartzose  veins,  which  the  metamorphism  of 
the  subsoil  has  given  rise  to  among  micaceous  or  talcose 
schists,  the  whole  being  covered  with  detritus.  From  the 
decomposition  of  these  rocks  there  has  been  formed  a  clay 
impregnated  with  hydrated  oxide  of  iron  of  a  reddish  color 
and  a  variable  hardness,  which  envelops  the  pyritous  ore 
body  of  Saint  Domingos. 

Mineralogical  character. — ^This  mine,  although  inclosed  ^j^JJ^wiosicai 
in  schists,  does  not  take  the  form  of  a  vein  or  exhibit  a 
banded  structure ;  it  may  be  classed  rather  as  a  bedded 
mass,  the  axis  of  which  is  nearly  horizontal.  Its  outline 
might  be  called  navicular,  or  boat-shaped,  for  it  is  six  hun- 
dred meters  in  length  and  sixty  meters  wide,  and  thins  out 
in  all  directions. 

The  strike  of  the  deposit  is  very  nearly  W.  Is".  VV.  and  E. 
S.  B.  In  its  general  character  it  offers  many  points  of  resem  - 
blance  to  the  pyritous  masses  of  the  same  kind  in  Germany 
and  Upper  Italy. 

The  ore  is  a  cupreous  pyrites  of  iron.    It  contains,  by  dry    Analysis. 
assay,  an  average  of  2.75  per  cent,  of  copper  and  45  to  50 
per  cent,  of  sulphur,  accompanied  by  sulphides  of  iron  and 
the  other  compounds  which  are  generally  found  in  the  an- 
alysis of  pyrites  of  a  similar  nature. 

Archoiology, — At  the  mine  of  Saint  Domingos,  as  well  as  at   Aroh«oidgy. 
the  others  in  the  same  district,  and  at  those  of  Tharsis  and 
Rio-Tinto,  in  Spain,  plain  evidences  of  extensive  operations 
by  the  Bomans  are  met  with,  as  well  as  vestiges — though      Evidences  of 
somewhat  indistinct — of  still  more  ancient  workings,  which  more      ancient 
have  been  ascribed  to  the  Phenicians  or  the  Carthaginians.  ^^^  ^^^ 
What  has  given  rise  to  this  supposition  is,  among  other 
things,  a  marked  difference  in  tlie  degree  to  which  the  raw 
material  has  been  exploited.    This  difference  has  been  ob- 
served between  the  upper  beds  of  the  slag  dumps  leit  by 
the  ancient  miners  about  the  mine  and  the  underlying  slags. 
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L'onTUGAL.     However  this  may  be,  the  EoDian  workings,  as  is  proved  by 
Pyrites  mine  of  the  coins  found  in  the  course  of  the  excavations,  took  place 

Rnint  Domingos.      ^   ,.  .i,  ,■■  ,,  /.,.  n   ^ 

at  the  penod  between  the  latter  portion  of  the  reign  of  Au- 
gustus or  the  succession  of  Tiberius  and  the  partition  of  the 
thoiJmimwOTk^^^"'^'^  Empire  under  Theodosius,  a  period  of  about  three 
•^ps  centuries  and  a  half.    The  vestiges  found  of  a  settlement 

also  date,  in  all  probability,  to  this  epoch,  and  are  numerons 
and  interesting.    There  have  been  found,  in  the  center  of  the 
J^mains  of  excavations,  foundations  and  other  remains  of  habitations, 

hauitationa.  ' 

pedestals  and  fragments  of  columns,  the  latter,  however,  in 
small  number  and  without  artistic  finish.  There  have  also 
been  found  along  the  valley  into  which  the  drainage  tunnel 

Sarcophagi,  opcns,  rows  of  sarcophagi,  covered  with  flags  of  the  local 
schist,  placed  at  small  depth,  and  still  containing  bones, 
which  fell  to  dust  on  coming  into  contact  with  the  air.  In 
later  excavations  have  been  found  vestiges  of  the  cremation 

unia.  of  bodies,  the  ashes  being  inclosed  in  little  urns ;  others,  still 

smaller,  are  evidently  what  are  called  lachrymal  urns.  Besides 

Pottery.  tlicsc  objccts  a  grcat  quantity  of  pottery  has  been  exhumed, 
for  the  most  part  in  fragments.  It  is  greatly  to  be  regretted 
that  the  awkwardness  of  the  workmen  employed  in  the  ex- 
cavations has  prevented  the  recovery  of  these  precious  relics 
of  the  past  in  good  condition. 

Among  the  relics  of  mining  operations  the  most  remark- 
able are  unquestionably  the  great  wooden  wheels  which 

Aijciontnorias.  wcrc  fouiid,  like  those  in  the  mines  of  Tharsis,  in  a  state  of 
perfect  preservation,*  and  which  were  used  in  pumping  out 
water.  These  wheels,  to  the  number  of  ten,  are  furnished 
with  buckets  upon  their  circumferences.  Eight  of  them 
were  16  feet  in  diameter  and  two  others  were  12  feet. 

Ancient  adits.  The  adits  which  the  ancients  drove  to  drain  the  mines 
have  answered  the  purposes  of  the  modem  exploitation  after 
having  been  suitably  enlarged.  The  Eoman  workings  reach 
a  depth  of  66  feet  below  this  gallery  in  places.  Being  in 
search  only  of  rich  ores  they  left  standing  what  seemed  to 
them  of  low  grade.  As  a  consequence,  their  workings  are 
very  irregular,  a  fact  which  has  caused  the  modem  com- 
pany great  inconvenience  and  excessive  cost  in  retimbering, 

Preaent  vork-  Present  worJcings, — ^The  mine  is  worked  on  levels,  of  which 
there  are  at  present  three.  The  first  is  opened  at  a  depth 
of  40  feet,  the  second  is  52  feet  lower,  and  the  third  is  80 
feet  below  the  second.  The  upper  two  levels  are  now  un- 
covered by  the  removal  of  the  barren  ground  overlying  the 


*  As  is  woU  known,  the  absence  of  decay  in  the  wood  found  in  these 
mines  is  due  to  the  presence  of  cnprio  sulphate,  formed  by  the  natural 
decomposition  of  the  pyrites. — G.  F.  B. 
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deposits  The  principal  galleries  are  driven  as  nearly  as 
possible  parallel  to  the  axis  of  the  deposit  and  in  contact 
with  the  north  and  south  sahlbands.  The  other  excavations 
particularly  conform  to  the  method  of  winning  in  -'by  cross- 
v/Utting,"  and  extend  from  one  drift  to  the  other  for  nearly 
the  whole  distance.  Two  levels  below  those  just  mentioned 
are  now  being  opened  up.  Formerly  there  were,  besides,  a 
number  of  shafts  sunk  from  the  surface  vertically  upon  the 
ore  deposit,  which  were  employed  for  the  extraction  of  the 
ore.  The  working  of  the  mine  having  been  undertaken  as 
an  open  cast,  as  will  presently  be  seen,  these  shafts  succes- 
sively disappeared  by  the  removal  of  the  ground  through 
which  they  passed.  There  remain  only  those  portions  which 
were  sunk  in  ore ;  these  serve  to  ventilate  the  lower  work- 
ings and  maintain  direct  communication  between  the  dif- 
ferent levels. 

The  principal  excavations  in  the  ore  body  are  of  the  fol- 
lowing dimensions : 

Drifts,  6  ft.  6  in.  X  6  ft.  C  in.  to  24  ft.  x  26  ft. 

Cross-cuts,  6  ft.  X  3  ft.  9  in.  to  13  ft.  x  20  ft. 

The  apparently  excessive  size  of  some  of  the  drifts,  espe- 
cially in  the  upper  levels,  was  unavoidable  on  account  of  the 
frequent  occun*ence  of  ancient  excavations,  which  it  was 
necessary  to  unite  by  arched  passages  of  23  ft,  to  26  ft.  in 
height,  for  safety  in  working. 

The  dimensions  of  the  shafts  below  the  timbering  are  or- 
dinarily 7  ft.  4  in.  X  3  ft.  8  in.  in  those  portions  which  pass 
through  solid  overlying  rock,  and  6  ft.  7  in.  x  8  ft.  3  in.  in 
the  ore. 

The  quantity  of  pyrites  extracted  from  the  mines  from  the 
first  workings  to  the  end  of  the  year  1877  is  shown  by  the 
following  figures :  Ancient  excavations,  est  imated  approxi- 
mately at  150,000 cubic  meters;  modern  excavations,  659,67 L 
cubic  meters ;  total,  809,671  cubic  meters,  or  about  3,578,745 
tons  English. 

Breaking  ground  in  is  performed  under  contract,  on  a  sys- 
tem which  has  long  been  usual  in  th^  peninsula.  The 
miners  are  paid  so  much  per  cubic  meter,  and  the  price  in- 
cludes the  cost  of  tools,  powder,  dynamite,  and  other  neces- 
sary materials,  which  are  furnished  the  miners  by  the  com- 
pany at  cost  price.  The  manufacture  and  repair  of  tools  is 
provided  for  on  the  spot,  and  the  smiths  are  paid  a  fixed 
sum  for  making  each  implement.  These  mechanics  are  em- 
ployed exclusively  in  working  for  the  miners,  and  the  labor 
is  at  their  cost,  while  the  fuel,  the  anvils,  and  all  the  forge- 
fittings  are  furnished  by  the  company. 


POBTUQAL. 
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PORTUGAL.         In  order  to  diminish  the  cost  and  facilitate  the  execution 

of  winning  in,  to  enable  the  complete  extraction  of  the  ore 

s^nt^Dol^o^^^*^  ^  minimum  of  danger  to  the  men,  and  above  all  to  at 

tain  an  increased  rapidity  in  the  workings  and  a  larger  out 
put,  the  removal  of  the  overlying  material  was  undertaken 
in  the  year  1867.    This  barren  ground  had  an  average  thick- 

wh^i™*^over/S*  ^^^^  ^^  ^^  mcters.    The  project  was  put  in  execution  as  soon 

deposits.  as  conceived,  with  the  approbation  of  the  Portuguese  Grov- 

ernment,  the  liberality  and  good  will  of  which,  it  should  be 
said,  has  greatly  facilitated  the  execution  of  enterprises  on 
a  large  scale.  This  work  is  already  considerably  advanced, 
and  has  produced  very  perceptible  results  in  diminishing 
the  cost  of  the  winning  in  of  ore.    The  greater  portion  of 

laid^iwim^  ^***^y  the  deposit  is  now  laid  bare.    The  i)osition  of  the  ore  body, 

which  forms,  so  to  speak,  the  core  of  a  hill  rising  in  nearly 
equal  slopes  from  the  surrounding  valleys,  has  made  the 

^ystemof work-  executiou  of  the  cuttiugs  much  easier.  After  the  removal 
of  the  surface  an  excavation  was  first  made  in  the  center  of 
the  high  ground.  Tunnels  were  then  run  from  the  bottom 
of  this  excavation  to  the  external  slopes  of  the  hill.  Thrse 
tunnels  were  run  on  a  grade  sloping  outwards,  an<l  were 
made  of  sufficient  size  to  accommodate  locomotives  and 
cars.  Through  them  the  remaining  mat^erial  forming  the 
wall  of  the  crater  like  pit  was  removed.  A  system  of  such 
tunnels  was  established  on  each  of  the  several  levels  upon 
which  the  removal  of  the  barren  rock  was  undertaken. 

1877?**^°*^*^  "^  ***  ^^^  amount  of  material  received  in  this  way  up  to  the 
end  of  1877  reaches  the  large  figure  of  2,488,824  cubic  me- 
coet^  ters.     The  work  has  cost  £225,000  sterling.    The  enormous 

mass  of  earth  removed  has  nearly  filled  up  the  valleys  sur- 
rounding the  mine. 

thf^SJ^'*^"  ^'  ^a7^ac<wm  of  the  ore. — The  ore  was  formerly  drawn  out 
by  mules,  but  this  operation  is  now  eflFected  entirely  by 
steam-power.  For  this  purpose  tunnels  have  been  pierced 
from  the  mine  to  the  slopes  of  the  hill,  with  a  downward 
grade  toward  the  outer  end.  The  upper  tunnel,  which 
serves  to  extract  the  ores  from  the  open  cuttings  and  the 
nearest  underground  workings,  has  a  grade  of  only  5  per 

tiv^*  ^o«*™®-  cent.     Transportation  was  effected  by  locomotives  of  30 

horse-power.  The  timbering  of  this  tunnel  having  been  de- 
stroyed by  fire,  and  the  ground  about  it  having  been  con- 
siderably disturbed,  it  was  considered  prudent  to  remove 
the  overlying  ground  and  convert  it  into  an  open  roadway. 
In  the  removal  of  the  pyrites  obtained  from  the  lower  levels 
inciinMi  planes,  the  orc  has  to  surmount  an  incline  of  30  per  cent.,  and  trans- 
l)ortation  is  effected  by  buggies  or  cai's  drawn  by  a  wire 
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xopej  which  is  attached  to  a  fixed  steam-vngine  of  90  effect- '^"'^^'"-*' 

ive  horse-power,  set  at  a  distance  of  180  meters  from  the   Pyrittamiueof  , 
mouth  of  the  tuniiel.    This  engine  operates  a  drum  of  large    "     ^^ko& 
diameter,  about  which  the  iron  ix)pe  passes.    Steel  ropes         stationary 

,  Bteain       CDg;uu^8 

have  of  late  been  substituted  for  iron.  Another  engine  on  and  wire  rope* 
the  same  plan  is  now  being  set  up  to  answer  the  demands 
of  the  increasing  output  from  the  lower  levels.  A  third 
engine  is  employed  in  pumping  the  water  irom  the  mines,  Pampingengmc. 
the  pumj)  being  single-acting  and  of  large  diameter.  The 
pumping  rods  rest  on  cast-iron  rollers  fixed  at  tlie  top  of  tall 
wooden  trestles.  In  pre])aration  for  the  time  when  all  min- 
eral capable  of  removal  by  tunnels  and  inclined  planes  shall 
have  been  extracted,  two  shafts  of  large  diameter  have  been         shaft«  for 

lower  levels. 

started.  They  are  sunk  at  some  distance  to  the  south  of 
the  deposit,  and  are  designed  for  hoisting  from  any  depth 
by  means  of  steam-engines. 

Local  treatment  of  tlie  ore. — The  problem  of  treating  on  ^^^^q^^' 
the  spot,  with  least  possible  cost,  ores  too  poor  to  pay  for  ex- 
portation is  a  very  difiicult  one  to  solve.  This  is  so  much 
•  the  more  the  case  as  the  usual  plan  for  the  treatment  of 
pyrites  includes  roasting,  which  must  naturally  be  carried 
out  on  a  large  scale.    But  preliaiinary  trials  on  the  ground 

^  aroused  most  energetic  protests  on  the  part  of  proprietors 

and  farmers  in  the  neighborhood,  who  complained  of  the       influence  ©i 
damage  done  to  the  surrounding  vegetation  by  the  sulphur-  fSmc8*?n  ^"e^h* 
ous  fumes.    Even  the  spontaneous  and  purely  accidental  }J^^^^«    vegeta- 
kindling  of  certain  piles  of  ore  aroused  seditious  and  men- 
acing movements  among  the  country  people,  and  it  conse- 
quently became  necessary  to  abandon  this  method  of  treat- 
ment.   Operations  are  hence,  for  the  time  being,  limited  to  enfoperaSoS^n 
crushing  the  ores  and  saturating  them  with  water  from  time  poor  ores. 
to  time.    With  patience  and  the  lapse  of  years  the  copper 
will  be  extracted  in  a  soluble  condition  and  subsequently 
precipitated  in  tanl^  by  cast-iron. 

Bxportatixm. — The  transportation  of  the  pyrites  from  the   Exportation. 
mine  to  the  port  of  shipment  is  performed  by  a  railway  of  3 
ft.  0  in.  gauge  and  locomotives  averaging  55  horse-power. 
The  distance  is  about  11  miles  (17^  kilometers),  but  upon 

•  parts  of  the  road  the  action  is  automatic,  the  grade  being    Railway  to  the 

such  that  the  cars  descend  without  traction.  At  the  bot-  *^* 
torn  of  the  first  down-grade  the  cars  are  attached  to  the  lo- 
comotives and  drawn  up  the  ensuing  up-grade,  after  which 
they  descend  as  before.  This  method  of  transportation 
accomplishes  a  certain  economy  of  fuel,  the  consumption  of 
which  is  very  great  upon  the  steep  up-grades. 
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roBTuoAt.        'Hie  constmction  of  the  railway  from  the  mine  to  the  sLip^ 

ping  port  on  the  Guadiaua  was  accomplished  m  spite  of 

J^^^^  seriouB  difGicolties  arising  from  the  broken  and  moontainons 

character  of  the  country  to  be  crossed.    It  was  necessar}' 
either  to  leave  slopes  of  1  in  19  or  t<>  employ  very  powerful 
locomotives  for  the  haulage  of  the  ore,  while  in  some  places 
curves  of  50  meters  (104  ft.)  radius  had  to  be  passed,  ren- 
dering locomotives  with  a  very  short  base  essential.    On 
dStto^e tomi  ^^  Other  hand,  innumerable  difficulties  had  to  be  overcome 
SSe^^M  to^be  ^^  couductiug  the  traffic  demanded  by  the  exportation  of 
GnadianiL         the  pyritcs  upou  such  a  road,  with  freight  carried  amounting 

sometimes  to  200,000  tons,  or  thereabout,  per  annum.    If 
there  be  further  taken  into  consideration  the  difficulties 
arining  to  the  management  through  the  excess  of  costs  over 
profit,  and  the  dearness  of  fuel,  which  has  to  be  imported 
wholly  from  England,  it  will  be  readily  seen  that  the  trans- 
portation of  the  pyrites  to  the  jpolnt  of  shipment  is  one  of 
the  largest  elements  in  the  price  of  our  ores. 
RftUway  plant     Twcntyfour  locomotivcs  are  in  use  at  Saint  Domingos. 
of  these  the  more  powerful  are  used  on  the  railroad  to  Po- 
mar^,  and  the  others  on  the  different  roads  within  and  with- 
out the  mine  for  removing  the  barren  material  overlying 
the  ore,  etc.    There  are  791  cars,  without  counting  the  side- 
dump  cars,  exclusively  used  in  ten*acing  work.    The  idling 
stock  represents  a  total  value  of  £83,342. 
Ore  exported.       The  wholc  quantity  of  ore  exported  since  the  commence- 
ment of  operations  at  the  mine  up  to  the  end  of  1877 
Low-grade  ores  ^™^^^**  to  2,325,802  metrical  tons.    About  636,864  tons  of 
mcnt*^*^  *'^*"  low-grade  ore  have  been  set  aside  for  metallur^^ical  treat- 
ment on  the  spot. 
Embarkatioii.      UmbarkcUion. — K  the  construction  of  a  railway  across  the 
country  so  broken  as  that  through  which  the  Guadiana 
runs  was  an  enterprise  beset  with  difficulties,  the  establish- 
ment of  a  shipping  port  for  tlie  large  quantities  of  ore  was 
scarcely  less  so.    It  was  necessary  to  choose  a  part  of  the 
river  at  which  a  minimum  distance  from  the  mine  should  be 
Difflonity  in  combined  with  a  sufficient  depth  of  the  channel  to  permit 
shipping  port     of  acccss  to  stcamers  of  deep  draught.     But  just  at  the 

X)oint  where  these  advantages  were  combined  the  hills  de- 
scended very  steeply  to  the  banks  of  the  river.  The  crea- 
tion of  a  port,  the  establishment  of  buildings,  and  the  other 
necessary  constructions  here,  Jioc  opus,  liic  l<ibor  est!  Perse- 
verance and  the  liberal  use  of  capital,  however,  overcame 
the  obstacles  which  the  nature  of  the  country  offered  to 
these  plans. 
The  commencement  was  made  by  constructing  a  quay 
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along  which  the  ships  were  to  anchor.  The  surface  of  the  quay     pqbtcoal. 
was  raised  to  the  level  of  the  railroad  from  the  mine.    Bails 
were  then  laid  to  chutes  in  the  quay,  projecting  to  a  point  sahitiknnhi^s. 
above  the  holds  of  the  vessels  to  be  loaded,  and  lined  with 
boiler-plate.    On  reaching  these  chutes  the  cars  are  tipped  the  onaSS^  ^^ 
on  a  rocker,  dumping  their  contents  directly  into  the  vessel. 
The  perfect  success  of  this  arrangement  has  led  to  the 
construction  of  a  second  quay  at  a  short  distance  from  the 
first.    By  these  means  1,500  to  2,000  tons  can  be  loaded  per ,   ,.  capacity  of 

*/  f  r  M.       loading  arrange* 

day  if  necessary  without  much  difficulty.    The  problem  of  menta. 
the  embarkation  of  ores  having  been  solved,  the  next  step 
was  to  build  a  village  for  the  accommodation  of  the  neces- 
sary employes,  and  to  construct  warehouses,  offices,  etc. 
For  this  purpose*  it  was  necessary  to  make  cuttings  in  the 
slopes,  remove  rocks,  fill  ravines,  and  open  up  roads  where 
there  had  been  mere  trails,  accessible  only  to  the  goats  and 
herdsmen  who  till  then  had  been  the  sole  inhabitants  of 
these  regions.    At  last  the  port  of  Pomarao  was  estab-    TheporirofPo- 
lished,  a  port  now  well  known  and  annually  frequented  by™ 
more  than  400  sailing  ships  and  steamers  of  a  capacity  of 
from  250  to  1,500  tons.    Two  tugs  are  kept  upon  the  river 
for  towing  the  sailing  ships  from  the  bar  of  the  Guadiana 
to  the  port  of  Pomar^,  a  distance  of  30  English  miles. 

There  are  at  Pomar^  a  large  number  of  warehouses,  offi-     The  baiidinea 
ces,  dwellings,  etc.,  for  the  various  persons  to  whom  the  ^rt   *" 
shipping  of  the  ore  gives  employment  or  business.    A  por- 
tion of  these  buildings  was  destroyed  by  the  terrible  flood 
of  the  Guadiana  which  occurred  from  the  6th  to  the  8th  of 
December,  1876.    This  flood,  the  most  disastrous  of  which    xhe  flood  of 
there  is  any  record,  produced  the  most  terrible  devastation,  i>«««mi>«r,i87«. 
not  only  at  Pomar^,  but  along  the  whole  course  of  the 
river.    Constructions  of  the  most  solid  character,  which  had 
resisted  all  previous  inundations,  failed  to  stand  this  one, 
and  the  enormous  volume  of  waters  rushing  down  the 
mountains  swept  the  country  before  it  In  its  dizzy  course, 
leaving  nothing  after  its  passage  but  a  vast  slough,  which 
covered  a  scene  of  fearful  destruction.    It  need  scarcely  be^i>«8*™ction  of 
said  that  Pomarao  was  completely  demolished  and  had  to 
be  reconstructed.    Happily,  these  terrible  phenomena  are 
repeated  only  at  long  intervals. 

On  the  bank  of  the  river  oprosite  to  the  shipping  port  a    Arnmaementa 

,        ,         ,  1  w      1  V  ^  for  deposit  of  bal. 

steam  apparatus  has  been  placed  to  draw  up  cars  charged  last 
with  ballast,  which  is  deposited  at  such  a  height  as  to  be 
safe  from  freshets.    Grave  inconvenience  would  otherwise  bo 
occasioned  by  filling  up  of  the  channel.    A  steam-engine  of  9 
nominal  horse-power  draws  the  cars  uj.  the  bill  by  a  chain. 
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poirruoAL. 


buildings. 


Chuich. 


The  mine  of  Saint  Domingos^  iuildingsj  etc. — The  village 
known  under  the  name  of  Saint  Domingos  was  built  by  the 
jj^ij^^of  Saint  company  which  works  the  mine,  in  the  immediate  neighbor- 
hood of  the  works.  For  nearly  twenty  centuries,  ever  since 
it  was  abandoned  by  the  ancient  mind's,  this  region  has 
been  a  desert,  occupied  only  by  wild  beasts  and  an  occa- 
sional goat-herd  with  his  flock. 

of  the^mpany's     -^®  ^^^^  ^  posscssion  was  taken  the  construction  of  a 

village  was  begun,  which  now  entirely  surrounds  the  hill  of 
Saint  Domingos.  An  enormous  building  was  erected,  which 
contains  the  lodgings  of  the  director,  the  offices,  the  labora- 
tory, the  billiard-room,  and  a  reading-room  for  the  recrea- 
tion of  the  employes.  The  latter  contains  a  library  and  the 
greater  part  of  the  journals  of  Portugal  and  of  the  princi- 
pal foreign  countries.  A  church,  dedicated  to  the  Catholic 
worship,  stood  upon  the  highest  point  of  the  hill  of  Saint 
Domingos,  and  was  in  charge  of  a  priest,  whose  salary  was 
paid  by  the  company.  The  enlargement  of  the  open  cast 
having  encroached  upon  the  site  of  this  church,  it  became 
necessary  to  demolish  it,  after  solemn  decousecration,  leav- 
ing only  the  clock  tower,  which  remains  as  a  relic  of  the 
former  edifice. 

Beligious  service  is  now  performed  provisionally  in  a 
chapel  which  has  been  consecrated  in  another  part  of  the 
company's  estate,  out  of  reach  of  the  workings. 

Among  the  buildings  is  a  hospital,  which  has  been  estab- 
lished for  the  gratuitous  treatment  of  the  workmen,  to 
which  is  attached  a  dispeusary  where  medicines  are  fur- 
nished free  of  charge,  the  whole  being  under  tlie  care  of  a 
physician  and  an  apothecary  paid  by  the  company.  There 
are,  moreover,  a  number  of  stores  for  the  supply  of  food,  etc., 
and  500  dwellings  more  or  less  spacious.  Of  course  there 
are  various  foundries,  carpenter  and  machine  shops/smithies, 
etc.  At  Saint  Domingos  motive  power  is  furnished  in  these 
shops  by  a  16  horse-power  engine.  There  are  also  spacious 
storehouses  for  the  supplies  of  the  company.  There  are 
Workmen  em-  fix)m  1,500  to  2,500  pcrsous  eiuploycd,  according  as  the  work 
**^  is  being  more  or  less  actively  pushed. 

For  the  purpose  of  making  the  works  of  Saint  Domingos 
independent  of  the  effects  of  the  natural  dryness  of  the 
country,  and  of  supplying  the  needs  of  the  constantly  grow- 
ing number  of  steam-engines,  considerable  capital  has  been 
invested  in  the  construction  of  damn  in  the  rivers  and  ra- 
Storago  resei^  vincs  in  the  surrouudiug  country,  which  admit  of  storage 
of  a  sufficient  quantity  of  water  during  the  winter.  The 
neglect  of  this  precaution  might  be  followed  by  serious  con- 
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sequences,  siueo  the  great  heat  of  summer  dries  up  all  the     roBruoAL. 
water-courses  in  the  iieighborliood,  and  even  the  springs  and      saint  Domin- 
wells.    The  largest  of  these  reservoirs  will  contain  from  ^^^ 
5,000,000  to  6,000,000  cubic  meters,  and  suffices  for  the  sup-    stornge  naer- 

voirs> 

ply  of  the  boilers  and  of  the  various  processes  of  saturation 
and  ceuicntation.  There  is  even  a  project  for  the  employ- 
ment of  the  surplus  water  in  the  irrigation  of  lands  nbout 
the  mine.  These  lands  have  been  acquired  by  the  company 
with  the  intention  of  clearing  them  for  the  culture  of  such 
crops  as  are  adapted  to  the  climatic  conditions  of  the  place. 
The  attempt  has  even  been  made  to  cultivate  barley  and 
oats,  to  serve  as  feed  for  the  mules  kept  at  the  mine. 

As  a  hygienic  measure,  and  for  the  purpose  of  modifying  Culture  of  the 
as  far  as  possible  the  natural  barrenness  of  the  country,  the  «z2*!*  ^^^  ^ 
culture  of  the  Eucalyptus  globulus  (better  known  in  America 
as  the  blue  gum)  has  been  undertaken  in  all  suitable  posi- 
tions. This  species  is  perfectly  adapted  to  the  climatic  con- 
ditions and  to  the  soil  about  the  mine,  and  several  thousand 
of  the  trees  are  already  in  a  flourishing  condition. 

The  capital  represented  by  the  works,  the  railway,  rolling  Capital  em- 
stock,  etc.,  of  the  mine  and  its  dei)endencies  may  be  esti-  ^  ^^^ 
mated  at  £560,000.  The  general  direction  of  the  company 
is  in  London,  and  the  ores  are  exported  almost  exclusively 
to  England.  A  beginning  has  been  made  looking  towai*d 
the  manufacture  of  chemical  products  at  Lisbon  and  else- 
where, but  as  yet  only  on  a  small  scale. 

The  managing  director  is  Mr.  James  Mason,  who  has  been   Jam«8  Mason, 
successively  made  '*  Commander  of  the  Order  of  Christ,'^  S^    ^ 
"Baron  of  Pomarao,"  and  '*  Viscount  Mason  of  Saint  Do- 
mingos"  by  the  Portuguese  Government,  and  has  latterly 
been  appointed  "  Commander  of  the  Order  of  Charles  the 
Third''  by  the  Spanish  Government.    The  commercial  ad- 
ministration of  the  company  in  England,  which  is  not  less 
important  than  the  able  and  energetic  working  of  the  mine 
in  Portugal,  devolves  upon  the  brother-in-law  of  M.  le  Vis- 
count de  Saint  Domingos,  Mr.  F.  T.  Barry,  who  has  been   F.T.Barry, 
elevated  by  tlie  Portuguese  Government  to  be  "  Commander 
of  the  Order  of  Christ,"  and  promoted  by  a  decree  of  No- 
vember 22, 1870,  to  the  title  of  "  Baron  de  Barry." 

May  this  example  excite  the  emulation  of  the  Portuguese 
capitalists  and  lead  them  to  the  development  of  the  abun- 
dant and  varied  resources  which  their  country  oilers  to  their 
own  benefit  and  that  of  the  national  industry.  Domestic 
order,  persevering  work,  and  the  intelligent  application  of 
capital  will  restore  Portugal  to  the  rank  she  formerly  occu- 
pied among  the  powers  of  Europe. 


OBEEOE. 

THE  OBEEK  EXHIBIT. 

The  exhibits.  The  exhibits  illustrating  the  mineral  industry  of  Greece 
possess  a  peculiar  interest.  The  ancient  mines  of  Attica,  be- 
longing to  the  most  highly  cultivated  people  of  antiquity, 
were,  unquestionably,  worked  with  the  utmost  degree  of 
technical  skill  the  age  afforded.  While  other  ancient  mines 
are  obliterated  by  the  weathering  of  the  rocks  or  the  pres- 
sure of  the  surrounding  material,  or  have  been  worked  by 
succeeding  generations  till  every  trace  of  their  original  char- 

Andent  mines  actcr  is  gouc,  many  of  the  mines  in  Attica  bear  every  ap- 
pearance of  having  been  recently  abandoned.  The  very 
tool-marks  in  the  rock  sure  so  fresh  that  the  form  of  the  im- 
plements is  apparent  and  nearly  every  detail  of  the  exploi- 
tation can  be  followed.  To  a  great  extent  we  can  also  infer 
the  methods  of  treatment  of  the  extracted  ore,  from  the 
relics  hidden  under  piles  of  slag  and  mining  waste.  Few 
ancient  writers  touched  upon  such  subjects,  and  if  anything 
like  technical  treatises  existed,  which  is  improbable,  they  arc 
lost. 

Beviyai  of  an-     After  having  been  abandone<l  for  a  couple  of  thousand 

dent  mining  in- 
dustry, years,  the  mineral  industries  of  the  country  have  been,  as  all 

know,  revived,  and  Greece — .an  older  mining  country  than 
Saxony  or  Transylvania — is  a  newer  field  for  mining  enter- 
prise than  Australia. 

A.CordeUa.  It  is  principally  to  M.  A.  Cordelia  that  the  public  is  in- 
debted for  a  knowledge  of  the  ancient  and  the  modern  mines 
of  Greece,  and  from  two  of  his  publications,  La  Orccesur  h 
Rapport  GSologique  etMinSralogique^VaviajlSlS,  and  LeLau- 
rium^  Marseilles,  1871,  nearly  all  of  the  following  inforniu- 
tion  is  drawn. 

Geological  con.  The  gcology  of  Greccc  is  in  a  very  luisatisfactory  condi- 
dition  of  Greece.  ^^^^  ^j.^^^  ^^  technical  as  wcU  as  from  a  purely  scientific  stand- 
point. The  lowest  known  beds  of  sedimentary  origin  are 
crystalline  scl  lists  and  saccharoid  li  mestone^.  The  age  of  these 
rocks  is  uncertain.  Paleontological  evidence  thero  i«  next  to 
none.  M.  Cordelia  found  a  single  almost  obliterated  im- 
print, which  seemed  to  him  to  belong  to  a  Silurian  crinoid 
animal.  Dr.  Neumayer  found  a  Cretacean  fossil  {yeriiuicti) 
near  the  foot  of  a  tower,  but  was  unable  to  find  it  afterwards 
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in  the  same  place.    Cordelia  believes  it  to  have  occurred  in  a q^^ce, 

boilding  stone  from  elsewhere.  Mr.  Saavage  also  regards 
these  rocks  as  Cretaceous,  arguing  from  analogy.  The  techni-  ^.9***^®f^  *^" 
cally  important  point  involved  is  evident.  If  these  crystalline 
rocks  are  truly  Cretaceous,  there  is  hope  of  discovering  coal 
below  them.  If  they  are  Silurian,  the  coal-bearing  meas- 
ures are  probably  wanting  in  Oreece.  These  rocks  consti- 
tute a  very  large  proportion  of  the  area  of  the  country. 

The  strata  which  have  been  identified  by  tolerably  pre- 
served fossils  belong  exclusively  to  Cretaceous  and  later 
eras,  especially  to  the  Tertiary,  which  is  well  represented. 

Plutonic  and  volcanic  rocks  are  also  largely  represented 
in  Oreece  and  possess  some  technical  importance. 

Gold  is  found  in  some  fluvial  sands  of  Greece,  as  a  con-    ^^^ 
stituent  of  one  bed  of  iron  pyrites  in  the  Morea,  and  accom- 
panying silver  in  argeutiferous  lead,  but  the  known  occur-    suver. 
rences  of  this  metal  are  of  no  economical  importance. 

Ores  of  the  other  metals  obtained  in  Greece,  particularly        ocounenoe 
of  argentiferous  lead,  of  zinc,  and  copper,  occur  for  the  most  iUd??^ino?aQd 
part  in  the  crystalline  and  metamorphic  rocks  to  which  ref-  ^^^^' 
erence  has  been  made,  though  the  granite  also  contains  veins 
carrying  silver  us  well  as  of  manganiferous  iron  ores  and 
heavy  spar. 

The  principal  mineral  district  is  that  of  Laurium,  at  the  ^^^  **'  ^"* 
southern  extremity  of  Attica.    Here  the  ores  of  lead  and 
silver,  of  zinc,  and,  to  a  smaller  extent,  of  copper,  occur  some-  i^^^^^^ti^ 
times  as  regular  veins  in  the  micaceous  schists,  and  occa-»iiv«,  and  sine, 
sionally  in  irregular  bodies  in  the  limestone,  but  for  the 
most  part  in  segregations  and  beds  at  the  contact  between 
the  limestone  and  the  schists.     These  strata  have  been 
broken  through  by  recent  igneous  rocks,  to  the  influence  of 
which  the  formation  of  the  ore  deposits  is  ascribed.    The 
deposits  are  of  great  extent,  as  is  proved  by  examination  of  ^^^|J^g^  *>'  *^® 
the  ancient  workings  and  prospecting  shafts.    Thus,  at 
Camaresa,  the  center  of  operations  of  the  8oc%6t6  des  Mines 
du  LauriuMy  one  of  the  beds  has  been  shown  to  be  metal- 
liferous over  an  area  of  about  Ijt  square  miles.    The  contact 
deposits  are  from  1  to  7  meters  thick,  and  parallel  ore-bear- 
ing beds  are  found  at  different  levels.    Of  these  the  ancients   Ancient  vork. 
recognized  four,  and  the  existence  of  other  deposits  below 
their  deepest  workings  has  been  proved.    It  is  plain  that  in 
the  absence  of  labor-saving  machinery  the  ancients  cannot 
have  cared  to  prospect  below  a  certain  depth.    The  ores 
consist  of  galena,  blende,  lead  and  zinc  carbonates,  copper  oiS?*""  **'  '^** 
sulphides,  and  carbonates.    Pyrites,  spathic  iron  ore,  etc., 
are  also  constituents  of  the  deposits.    In  general,  the  main 
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QB»BCH.       portion  of  the  ore  bodies  consists  of  galena,  more  or  less 
mixed  with  blende,  the  zinc  carbonate  occurring  on  the 

rium!*^  ®'  ^^'  walls  and  in  part  in  separate  deposits.    A  rare  mineral, 

adamine,  a  zinc  olivenite,  has  been  found  at  Laurium,  and 
seems  characteristic  of  the  zinc  deposits  there. 

of^rSfg  ™°^*     The  mines  of  Laurium  were  worked  by  the  ancients  with 

great  energy,  thoroughness,  and  skill.  The  ore  deposits 
were  reached  by  vertical  and  inclined  shafts.  .  Tunnels  were 
not  employed,  and,  according  to  M.  Cordelia,  with  good 
reason,  as  the  dryness  of  the  mines  made  tunnels  unneces- 
sary for  drainage,  and  the  topography  is  un£a.vorable  to 
their  construction.  The  deposits  were  systematically 
worked,  the  veins  by  stoping  from  one  level  to  another, 
the  beds  by  pillars  and  stalls.  When  the  ore  was  tractable 
it  was  all  removed  and  pillars  of  dry  masonry  substituted. 
Where  the  galena  was  largely  mixed  with  blende,  which 
was  of  course  intractable,  pillars  of  vein  matter  were  left. 
In  thick  beds  two  floors  were  established,  as  is  now  often 
done  in  thick  coal  seams.  The  extraction  was  very  com- 
plete, even  metalliferous  wall-rock  being  removed. 

Maaonrypiiiara.  Dry  masoury  sccms  to  have  been  exclusively  employed 
in  the  compapatively  lew  cases  in  which  the  roof  or  walls 
needed  support. 
Tootonaed.  Thc  tools  uscd  in  bringing  down  the  ore  and  rock  appear 
to  have  been  picks,  bars,  and  sledges.  In  hard  rock  picks 
with  conical  points  were  used,  in  softer  :iiaterial  the  point 
was  pyramidal.  Contrary  to  Eeitmaier's  supposition,  fire 
does  not  appear  to  have  been  employed  in  bringing  in  the 
rock,  which  is  not  of  an  appropriate  character  for  the  appli- 
cation of  that  method.  Traces  of  the  use  of  tools  are  every- 
where met  with,  and  M.  Cordelia  has  found  a  gad  wliich 
was  once  iron,  and  still  retained  its  shape  when  found, 
though  completely'  oxidized. 
Slave  labor  in     Transportation  was  effected  by  slaves,  who  carried  the 

canymg  ore.  '  */  i 

ore  up  the  inclined  shafts,  probably  in  skin  sacks,  as  is  still 
the  practice  in  some  eastern  mines.  Water  must  have  been 
got  rid  of  in  the  same  way.  The  steps  in  the  inclines  up 
which  the  men  went  are  still  visible,  as  are  the  niches  for 
earthenware  lamps,  some  of  which  have  been  found  in 
place.  The  use  of  the  perpendicular  shafts  is  not  altogether 
clear.  From  the  dumps  surrounding  them,  M.  Cordelia  is 
strongly  of  the  opiuion  that  both  the  windlass  and  pulley 
were  known,  and  that  they  were  used  to  some  extent  for 
^^^^^entuatingi^Qistiiig^  The  shafts  Certainly  served  to  promote  ventila- 
tion, and  at  the  top  of  some  of  them  is  found,  ofl'set  li-vim 
the  main  opening,  a  sort  of  chimney,  in  which  a  fire  was 


Minea  of  Laa- 
liam. 


MINING    INDUSTRIES :    COMMISSIONER   HAGUE.  335 

probablj''  built  to  increase  the  circulation  of  air.    The  shafts       q^xbce. 
aod  Inclines  are  nearly  always  rectanguhxr  and  of  about  4 
square  meters  cross-section.    The  deepest  shaft  mentioned 
is  395  feet    Fone  of  the  shafts  penetrate  to  sealevel. 
The  ore  as  it  was  removed  from  the  mine  in  ancient  times     A^?**°*  *^" 

centrating  appa- 

wa3  in  part  too  poor  for  economical  smelting,  and  was  con-  ratua. 
ceutrated.    Some  of  the  concentrating  apparatus,  in  a  lair 
state  of  preservation,  has  been  found  under  heaps  of  waste. 

Although,  as  may  be  readily  imagined,  it  Is  not  possible 
to  make  out  from  the  abandoned  appai*atus  all  the  details 
of  the  process  of  ore-dressing  as  practiced  by  the  Greeks, 
the  main  features  can  still  be  traced. 

Water  was  scarce  at  Laurium  and  large  reservoirs  were    ^  scarcity  of 
built  to  store  a  supply.    So  solidly  were  they  constructed 
that  some  of  them  might  even  now  serve  the  purpose  for  ^^>^*^*®^*  '*•*'* 
which  they  were  designed.    The  concentrating  apparatus 
was  ingeniously  planned  to  permit  the  use  of  the  same  water 
over  and  over  again.    It  consisted  of  a  sluice  some  70  feet    Concentrating 
long  and  provided  with  three  sumps  or  wells  at  intervals  in 
its  length.    The  sluice  was  not  straight,  but  made  several 
augles  in  such  a  way  that  the  lower  end  came  close  to  the 
higher.    Ore  must  have  been  placed  at  the  higher  end  and 
wiished  with  wnter  taken  by  baling  or  otherwise  from  the 
lower  end.    A  current  was  thus  established,  and  the  mixture 
of  ore  and  gangne  separated  in  virtue  of  the  difference  of 
specific  gravity  of  the  minerals. 

The  rich  ore  and  the  concentrations  were  smelted  in  shaft     smelting  ftir- 
iiiruaces  without  preliminary  roasting,  a  process  for  which 
tbcy  were  very  well  suited,  being  nearly  free  from  quartz 
and  containing  lime  and  iron.    That  the  ore  was  not  roasted 
is  proved  by  the  globules  of  fused  galena  found  in  the 
slags.    Of  the  furnaces  many  have  been  found.    They  are 
of  small  height  (our  authority  does  not  give  this  dimension), 
and  about  3  feet  in  diameter.    The  fuel  was  wood  or  char-    Fuel  and  blast 
ci»al,  and  blast  was  supplied  by  bellows  worked  by  hand. 
The  results  obtained  were  very  fair,  the  slag  containing 
from  5^  to  14  per  cent,  of  lead.    Many  ancient  slags  found    Loes  of  lead  in 
iu  Spain  and  Italy  contain  no  less  than  25  per  cent,  of  lead.  ^  ^^' 

The  furnace  lead,  which  M.  Cordelia  has  reason  to  sup- 
jwse  averaged  0.4  per  cent,  of  silver,  or,  say,  $150  per  ton,  Doaaverisation. 
was  reiined  by  cupellatiou.    The  apparatus  used  has  not 
btea  discovered,  but  the  frequent  occurrence  of  fused  pieces 
01*  desilverized  litharge  proves  the  nature  of  the  process. 

The  silver  was  refined  and  the  litharge  reduced,  and  the      Reduction  of 
resulting  lead  employed  as  material  for  weights,  missiles,  ^*^*''*^ 
lumps,  vases,  pipes,  etc. 
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Q™^'-  The  load  was  assayed,  and  cupels  of  earthenware  (M. 

Mines  of  Lau-  Cordolla  merely  says  de  terre)  have  been  found  in  the  dumps. 
Assays:  cupels.  They  wero  of  nearly  tte  same  form  now  in  use,  IJ  inches  in 

diameter,  ^  inch  high,  and  |  inch  deep. 
Zinc  accretions,     ^iuc  accietious  formed  at  the  tops  of  the  ancient  furnaces. 
They  were  sold  for  the  manul'acture  of  bronze,  and,  as  it 
appears,  also  for  use  as  medicine.    If  so,  lead  colic  must 
have  been  familiar  to  the  ancients,  even  at  a  distance  from 
the  mines. 
ciraT***^  acttvi^     '^^^  period  of  greatest  activity  in  the  Laurium  mines  was 
60(M3o  B.  c.       between  600  B.  0.  and  the  Peloponnesian  war,  say  170  years, 
state  property.  The  miucs  wcrc  exclusively  the  property  of  the  state,  but 
they  were  leased  to  citizens  in  claims  for  long  periods.    The 
Worked  by  labor  was  performed  by  slaves,  even  tlie  formen  or  8ui)oriii- 
tendents  being  owned.    M.  Cordelia  estimates  the  luimber 
of  workmen  employed  at  Laurium  at  about  15,000.    This 
was  a  vast  body  of  slaves  to  handle,  and  must  have  required 
very  strict  organization.    During  the  Peloponnesian  war 
Revolt  Laurium  was  cut  oflT  from  the  capital  and  the  slaves  revolted. 

It  is  very  easy  to  see  that  the  re-establishment  of  the  work- 
ings on  the  only  possible  basis  of  slave  labor  must  have 
been  a  matter  of  great  difficulty  in  the  troubled  times  which 
followed,  and  a  knowledge  of  those  circumstances  sufficiently 
Subsequent  accounts  for  the  historical  fjict  that  the  mines  were  after- 

workmgs    on    a 

small  scale.  wards  workcd  fitfully  and  with  little  energy,  operations  be- 
ing sometimes  confined  to  the  resmelting  of  old  slags,  an 
enterprise  which  might  evidently  be  conducted  with  small 
capital  or  permanent  stake  in  the  prosperity  of  the  district. 
The  mines  wei^  worked  to  some  extent  under  tlie  Romans, 
Abandoned  let  but  through  Greek  factors.     In  the  first  century  of  the 

century    of    the  ^  ,         i  -i    . 

Christian  era.     Christian  era  Laurium  was  completely  abandoned  and  be- 
came once  more  the  haunt  of  wild  beasts.    There  is  no  evi- 
dence that  work  was  ever  recommenced  until  the  present 
generation. 
Enormous  ox-     Thc  amouut  of  work  done  in  the  Laurium  mines  was 

wOTkiSgs.*'"''*^*  enormous.    Some  2,000  shafts  have  been  found,  averaging 

about  250  feet  in  depth,  and  the  extent  of  the  subterranean 
Slag  of  former  workiugs  is  vast.    The  quantity  of  slag  found  is  about 

operations.        2,000,000  tous,  and  M.  CordeUa  shows  that  this  slag  must 

have  represented  2,100,000  tons  of  lead  and  8,400,000  kilos 
of  silver,  or,  say,  345,000,000  of  dollars.  The  whole  period 
of  700  years  during  which  operations  were  going  on  at 
Laurium  M.  Cordelia  regards  as  equivalent  to  about  300 
years  of  active  work. 
Mining  laws  of  Thc  modcm  dcveloi^mcnt  of  the  mineral  industries  of 
Greece  dates  from  the  promulgation  of  mining  laws  in  1861. 
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These  laws  were  founded  upon  those  embraced  in  the  French  __ 
legislation  of  1810  on  the  same  subject.  Since  this  time 
many  persons  have  boldly  undertaken  mining  enterprises, 
and  the  country  has  been  prospected  foot  by  foot.  Many 
ecoDomiciilly  valuable  deposits  have  been  discovered.  Some 
of  them  are  being  worked,  others  are  waiting  for  the  capi- 
tal necessary  to  develop  them.  It  was  at  this  period  that 
the  SociSU  Hilarion.  Boux  and  Co.  was  formed.    This  com-    ^l^^-SS*^" 

'  on,  aoux  w  <jo. 

l^auy  undertook  in  I8G4  the  resmelting  of  the  plumbiferous 

slags  of  Laurium,  and  in  1869  the  smelting  of  the  ancient  .„S^^1^- 

mining  waste.  ^™- 

Prodigious  excitement  followed  upon  the  results  obtained  Mining  excite- 
by  this  company.  Claims  were  taken  up  by  the  hundred 
all  over  the  kingdom  on  deposits  of  lead,  zinc,  copi)er,  iron, 
manganese,  chromium,  lignite,  and  sulphur.  Of  course 
time  proved  the  fallaciousness  of  many  hopes  and  the  ne- 
cessity for  patience  and  capital,  and  the  inevitable  process 
of  weeding  out  has  followed.  A  portion  of  the  more  hope- 
ful enterprises  have  attracted  the  support  of  foreign  capital. 

The  want  of  acquaintance  on  the  part  of  the  public  in      ignorance  of 
Greece  with  the  conditions  of  industrial  enterprises,  an^^^^^^^reekimbiio. 

the  lack  till  lately  of  Greeks  possessing  any  professional  ac- 
quaintance with  mining  or  smelting,  have  been  calamitous 
to  the  mineral  industries  of  Greece.  For  a  long  time  com-  J^^^*^"^  "*' 
missioners  visited  Laurium  at  short  intervals  to  find  the 
gold  bars  and  the  hidden  sources  of  supply  of  the  bullion 
turned  out  by  the  smelting  works.  That  this  was  the  legit- 
imate result  of  the  treatment  of  ores  and  slags  was  not 
credited.  Then,  by  a  sudden  change  in  popular  sentiment 
the  contents  of  the  material  at  Laurium  was  as  much  over- 
valued as  it  had  previously  been  undervalued,  and  taxes      Ruin  of  the 

companies  by  nur 

were  placed  upon  the  working  amounting  to  more  than  half  jnst  taxation. 

the  worth  of  the  output.     The  Hilarlon   Company  was 

obliged  to  sell  out,  their  successors  and  many  others  were 

nearly  or  quite  ruined,  and  affairs  reached  such  a  pass  that 

the  interference  of  foreign  governments  had  to  be  called  in    inteifbrenco  of 

for  the  protection  of  the  rights  of  those  of  their  subjects  SenS^   gov«ni. 

who  had  ventured  to  attempt  the  development  of  industry 

among  a  people  whose  tone  of  mind  was  so  little  congenial 

to  it 

Of  late  years  an  essential  change  for  the  better  has  come   change  ibc  the 
about    Numbers  of  young  Greeks  have  studied  mining  at  ^***^ 
the  great  schools  of  Europe,  and  returned  to  Greece.  More 
equitable  arrangements  as  to  imx)osts  have  been  made,  and 
La  Soei6t6  des  UHnes  du  Laurium  seems  to  be  in  a  flourishing, 
condition. 
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OBXEOE. 


rniin. 


Plant 
Prodact 


This  company  smelts  ancient  slag  and  mining  waste  and 
such  lead  ores  as  are  now  raised  in  the  district.    It  poa- 

^08  of  i^n-g^g^  ^  mechanical  ore-dressing  establishment,  where  300 
tons  of  waste,  containing  5  to  G  per  cent,  lead,  are  treated 

Present  works,  per  diem,  yielding  50  tons  of  concentrations.  The  remain- 
der of  the  waste  is  concentrated  at  the  ancient  dumps  in 
hand-jigs.  The  smelting  works  contain  7  Pilz  furnaces. 
Plumbiferous  iron  ore  is  used  as  flux,  and  12  per  cent,  of 
coke  is  burned.  The  annual  product  is  7,000  to  7,500  tons 
of  lead,  with  $40  to  $70  per  ton  in  silver,  and  about  400  tons 
of  speiss,  containing  20  to  22  per  cent,  copper  and  2  per  cent, 
nickel,  besides  lead,  arsenic,  etc.  The  amount  of  fume 
caught  in  a  condensation  flue  1,200  meters  long  is  fiK>m 
1,200  to  1,500  tons. 

The  mines  of  Laurium  are  also  being  worked  with  vigor 
by  the  Compagnie  Frangaise  des  Mines  du  Laurium^  which 
Wend  ^aad°iMSl  ^S^^  opcmtious  at  the  close  of  1875.  Calamine  (carbon- 
ate), blende,  and  lead  ores  are  raised.  A  portion  of  the 
calamine  is  roasted.  The  following  are  the  results  which 
have  been  obtained  by  this  company,*  in  tons  of  1,000  kilos : 


French  com 
pany  of  tho  Lau 
riuin  mines. 


ores. 


Prodact 


Baw  calamine  — 
Roasted  calamine 

Blende 

Lead  ores 


1,166      2,425 
4,810  •  18,477 

340 

432 


Half  of 

187a 


3,006 

10,104 

119 

507 


The  calamine  of  Laurium  is  richer  than  that  of  Sardinia, 
which  is  said  to  average  about  33  per  cent.  The  mean  con- 
tents of  the  roasted  calamine  for  each  year  was  as  follows : 

Percent,  sine 

Analysis  1876 40.081 

of  roasted  cala-i^'^  n  'ie\ 

mine.  ^^^ Gl.JO 

1878,  above 60 

The  last  steamer-load  was  settled  for  on  a  basis  of  65.585 

per  cent.  zinc.    There  is  a  large  amount  of  calamine  in  sight, 

and  the  boast  seems  justified  that  this  is  the  most  impor- 

Zinc  oro  sent  tan  t  output  of  Calamine  in  the  world.    The  zinc  ore  is  sent 

to    Anvcrs    and  _^ 

Swansea.  to  Auvcrs  and  Swansea. 

Blende  and  ea-     The  lead  Ore  raiscd  is  mostly  mixed  with  blende,  and  the 

lena    separating  *^  ' 

works.  company  has  built  an  ore-dressing  works  to  separate  the 

two.  The  galena  is  very  rich,  much  of  it  running  over  $90 
to  the  ton  of  lead. 

oi^d'emus!^     There  are  numerous  other  deposits  of  ores  in  Greece,  not 

only  of  lead  and  zinc,  but  of  copper,  iron,  and  sulphur. 


*  Note  BUT  lea  M\ne»  de  la  Com,  Fran,  dea  M^nea  du  Laurium.   Lithographed. 
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Many  of  these  Lave  been  prospected,  and  even  worked.       q^xkck. 
Thus,  45,000  tons  of  iron  ore  have  been  extracted  at  Sere- 
phos,  and  smelted  in  England  with  results  highly  satisfac-   ^^™"  •"• 
tory  so  far  as  the  metal  was  concerned.    Id  the  eparchy  of  copper. 
Phthiotide  two  copper  mines  of  a  very  promising  character 
have  been  opened,  and  in  the  island  of  Milo  sulphur  is  act-   Soiphnr. 
nally  being  extracted  to  some  extent,  but  the  unwise  policy 
of  the  Greek  Government  until  a  recent  date,  the  general 
badness  of  the  times,  and  the  recent  protracted  wars  on  the 
Greek  frontier  have  prevented  active  exploitation.    Greece, 
however,  promises  much  in  the  near  future. 

No  true  coal  is  known  to  exist  in  Greece.  The  coal  and^Notmeooaiin 
coke  annually  imported  from  England  amount  to  76,000 
tons.  Lignite,  however,  occurs  over  large  areas,  estimated  ^^is*^^ 
at  some  1,200  square  miles.  This  lignite  is  of  very  fair 
quality,  and  is  easily  mined.  Its  heating  effect  is  much  less 
than  that  of  English  coal,  and  it  takes  from  125  to  150  parts 
of  the  native  product  to  do  the  work  of  100  parts  of  the  im- 
ported fuel.    About  6,000  tons  were  mined  in  1877. 

The  exhibits  made  by  Greece  were  of  a  highly  interesting      ^*^!Sif'  Jj 
character,  and  illustrative  of  the  facts  set  forth  in  the  fore*  PariB. 
going  pages.    The  ores,  ancient  slags,  and  mining  waste 
found  at  Laurium  were  shown,  and  M.  Cordelia  presented 
models  of  the  simple  and  ingenious  ore-dressing  apparatus   Models  o|aii. 
in  use  when  Bome  was  struggling  into  notoriety.    The  story  ing  apparstiu. 
of  Laurium  is  certainly  one  of  the  most  romantic  chapters  in 
the  history  of  technology.    The  genius  of  Athens  may  fairly 
be  said  to  have  mastered  the  difficulties  presents,  but  the 
conquest  was  dependent  on  unnatural  economical  conditions, 
and  was  consequently  temporary.    The  hold  which  modem 
science  has  taken  on  the  subterranean  treasures  of  Attica. 
wiU  not  be  so  easUy  shaken  off. 


XIV. 
HBTHBBLANDe.  THE  DUTCH  EAST  INDIES. 

THE  DUTCH  EXHIBIT. 

Scarci^of  min-     Holland  produo68  no  valaable  mineralB,  unless  a  certain 

eralB  in  Holland.  .  i.  -. 

quantity  of  dredged  peat  may  be  so  considered.  The  Dutch 
oiS^beit^'of "Se  POflfi^ssions  in  the  East  Indies,  on  the  other  hand,  lie  in 
Dutch  East  In-  a  remarkable  mineral  belt,  extending  flpom  the  mainland 

through  the  peninsula  of  Malacca  into  the  Malayan  Archi- 
pelago. This  region  furnished  the  only  important  supply  of 
tin,  besides  the  mines  of  Cornwall  and  DeTonshire,  until  the 
Banca  tin.  reccut  discoveries  in  Australia.  Banca  tin,  too,  is  renowned 
for  its  great  purity.  Oold,  gef)is,and  coal  also  occur,  and 
occasionally  in  remunerative  quantities. 

The  mineral  resources  of  the  Dutch  Indies  are  not  yet 
thoroughly  investigated,  and  there  seems  a  probability  of 
considerable  increase  in  their  productiveness.    It  is  only 
Buuton  tin  within  a  few  years  that  the  Billiton  mines  began  to  put  tin 
upon  the  market  in  considerable  quantities,  causing  a  sud- 
den depression  in  the  price  of  that  metal,  a  liarbinger  of  the 
greater  disturbance  caused  by  the  discovery  of  immense 
deposits  in  Australia.    New  tin  fields  have  since  been  found, 
and  bid  fair  to  become  imjiortant. 
Exploitation     All  work  couuectcd  with  the  exploitation  and  treatment 
^       ***'        of  tin  ores  is  performed  by  Chinese.    Formerly  agents  were 
appointed  to  encourage  their  emigration,  but  at  present 
they  present  themselves  in  sufficient  numbers.    They  work 
in  companies,  under  contract,  receiving  a  fixed  price  for  tin 
delivered,  and  enjoying  some  privileges  in  the  matter  of 
supplies.    European  engineers  exercise  a  certain  amount  of 
control  and  supervision. 
Exhibit  of  B.     The  exhibit  of  M.  E.  H.  Amtzenius,  manager  of  the  Bil- 
liton  Company,  and  the  collective  exhibits  of  the  products 
of  the  Dutch  Indies,  gave  very  full  and  interesting  informa- 
tion as  to  the  methods,  instruments,  and  apparatus  employed, 
as  well  as  of  the  products  obtained,  the  mode  of  life  of  tbe 
miners,  etc. 
Cornelius  de     M.  Comclius  dc  Groot,  who  was  formerly  at  the  head  of 

Groot's    accoant  _ 

of  tbe  Nether-  the  Dcpairtmcnt  of  Mines  in  the  Dutch  East  Indies,  pi-epareil, 

liiuds  mining  in-  ,  /»«  «i.t*  ■■     _*. 

dustries  in  the  at  the  requcst  of  the  members  of  the  jury,  a  short  account 
*^       of  the  mining  and  metallurgical  indushies  of  Banca,  Billi- 
ton, and  the  other  islands  belonging  to  the  Netherlands.    As 
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the  snbject  has  considerable  commercial  and  professional  rormBLAaw. 
interest,  while  but  few  papers  on  the  sabjecthave  been  pub- 
lished excepting  in  Dutch  technical  journals  rarely  seen  in 
America,  some  space  may  well  be  devoted  here  to  an  ab- 
.•(tract  of  the  above-mentioned  essay.  Some  supplementary 
information  will  be  properly  accredited. 

The  island  of  Banca.  sanoft. 

The  sedimentary  rocks  are  argillaceous  and  quartzose  sand-  gJP^^**®**^  **®' 
stones,  etc.,  belonging  to  the  Lower  Devonian  (Grauwacke). 
The  crystalline  rocks  are,  for  the  most  part,  granite,  to  some 
extent  diorite,  and  rarely  griesen  and  schists.  The  remain- 
ing formations  are  of  Qaatemary  origin,  and  it  is  in  these 
that  the  tin  ore,  "  stream- tin,''  occurs.    Veins  containing  tin     occurrence  of 

.     -o  J    ^1.  .  ^»  •  the  stream-tin. 

ore  occur  m  Banca,  and  the  griesen  is  sometimes  impreg- 
nated with  tin-stone,  but  the  mineral  is  for  the  most  part 
found  in  reticulated  veins  (stockwerke),   associated  with 
quartz. 
The  tin-bearing  gravels  of  the  island  are  found  m  ancient,^  occurrence  of 

^  ^  tne     tin-bearin^ 

or  recent  valleys,  and  deposited  in  one  of  three  waysig^voia- 
diss'cminated  through  the  surface  stratum  to  the  depth  of 
nine  feet  or  more ;  disseminated  through  several  beds,  one 
above  the  other.  These  beds  consist,  besides  the  stream-tin, 
of  but  little- worn  fragments  of  quartz  and  feldspar,  sand,  etc. 
Finally,  the  tin-stone  is  found  disseminated  through  quick- 
sands which  rest  upon  the  bed-rock.  The  latter  is  sometimes 
granite,  but  oftener  kaolin,  or,  in  other  words,  granite  in  a 
highly  advanced  stage  of  decomposition. 

In  prospecting  for  tin-stone  a  small  Chinese  boring  appa-  chinoae  piw- 
ratus  called  Tsjam  is  employed.  This  apparatus*  consists  of  mtus. 
an  iron  rod  over  20  feet  long  and  1  inch  thick,  to  the  lower 
end  of  which  is  attached  by  its  side  a  conical  tube  of  a  few 
inches  in  length,  open  at  both  ends,  and  with  the  smaller 
end  down.  In  use,  the  small  end  of  the  tube  is  stopped  up 
by  a  rag,  attached  to  a  string,  while  sinking  through  super- 
ficial strata.  When  the  bed  under  examination  is  reached, 
the  rag  is  detached  by  pulling  the  string,  and  the  tube 
tills  with  gravel.  To  determine  the  value  of  an  ore  beaiing 
stratum,  a  copper  tube  armed  with  a  steel  cutting  shoe  is 
forced  through  it,  and  a  core  thus  removed  for  examination. 

The  workings  are  all  open,  and  not  more  than  8  or  9  me-  open  workings, 
ters  in  depth.    After  excavation  the  tin-stone  is  worked  free 
of  barren  gravel. 

The  reduction  of  the  ore  is  carried  on  in  two  different 

*  See  Berg-  und  ButienmUnniaohe  ZHtung,  1863,  p.  338. 
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KgrnBBLANDfl.  specios  of  furnace,*  one  of  the  Chinese  design,  which  has 
TinredaoUon been  in  use  ever  since  the  mines  were  worked  by  Chinese, 

°™*^  the  other  the  construction  of  Dr.  C.  L.  Ylaanderen.    The 

Chinese fomace.  Chincsc  fumacc  consists  of  a  kettle-shaped  smelting  cham- 
ber, cut  in  a  clay  hearth,  and  connected  by  an  open  tap 
with  an  external  well,  into  which  metal  and  slag  run  together 
as  fast  as  they  melt.  The  fuel  is  charcoal,  and  the  blast 
nozzle  entering  the  lower  portion  of  the  smelting  chamber 
is  directed  downward  upon  the  bottom  of  the  chamber  to 
keep  it  hot.  The  slag  is  resmelted  once  or  twice,  besides 
being  crushed  and  washed.  The  blast  is  produced  by  piston 
blast  engines  worked  by  hand. 

^    viaandereu  s     Vlaandcren's  furnace  is  a  small  open-top  blast  furnace, 

run  with  a  fan  blast.  The  height  is  somewhat  over  5  feet, 
and  the  cross-section  nearly  square  and  2  feet  3  inches  from 
front  to  back.  There  are  three  tuyeres,  which  are  so  placed 
that  the  jets  of  blast  cross  each  other.  The  fuel  used  is 
chai*coal,  and  lime  is  added  as  a  flux.  The  ^' glass"  is 
thrown  into  water  and  subsequently  re-smelted  with  more 
Tongaten.  lime.  Tungstcu,  which  is  however  rare  in  Banca,  is  re- 
duced in  the  comparatively  hot  Ylaanderen  furnace.  The 
ftu*naces  are  run  only  during  the  night  on  account  of  the 
heat,  the  island  lying  nearly  under  the  equator.  Several 
other  constructions  of  furnace  have  been  tried  in  Banca, 
but  with  indifferent  success.  Furnaces  of  a  very  simple 
construction  like  those  above  mentioned  are  preferable,  be- 
cause they  can  be  set  up  in  the  immediate  neighborhood  of 
the  workings,  and  removed  or  abandoned  as  the  deposits 
Bredemeyer.  BTC  successivcly  cxhaustcd.  Bredcmeyert  speaks  of  roast- 
ing the  tin  ore  in  reverberatory  furnaces,  and  leaching  out 
copper,  etc.,  but  of  this  De  Groot  makes  no  mention.  . 
Prpportion  of    The  orc  carrics  from  71  to  72  per  cent,  of  pure  tin.    A 

metal  in  the  ore. 

slab  of  tin  weighs  i  picul,  or  30.8806  kilos,  according  to  De 
Groot.    According  to  a  printed  description  of  the  exhibit, 

Weight  of  tin  the  Weight  of  a  slab  is  about  32  kilos,  and  Mr.  B.  Hunt 
states  that  1,000  slabs  weigh  32  tons,  in  which  case  a  slab 
must  weigh  32^  kilos. 

^^▼©mmont  The  government  undertook  the  working  of  the  tin  deposits 
in  1816,  employing  Chinese  miners  and  smelters,  of  whom 
the  number  at  work  at  the  end  of  the  year  1876  in  Banca 
was  7,789.  The  natives  are  known  to  have  smelted  tin  fully 
two  centuries  ago,  and  continued  to  produce  metal  in  small 
quantities  until  the  Dutch  Government  took  the  matter  iu 
hand. 

*  See,  also,  Van  Dieat,  in  Berg-  und  HUttenmdnnische  Zeitungj  1873,  p.  4*2  i 
\San  Francisco  Mining  and  Scientific  Presa,  1872,  p.  470. 
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The  production  is  known  since  the  year  1821.    In  that  j^btheri^s. 
ycju-  it  was  1,250  metrical  tons*  of  tin.    In  the  year  1846 
the  pit)duction  exceeded  4,400  tons,  and  attained  its  maxi-  tinSl^iSsTe!*' 
mum,  (>,'.50  tons,  in  the  year  1856;  since  then  it  has  dimin- 
ished gradually  to  a  mean  of  4,340  tons  in  the  years  1871  to 
1875,  while  in  1876  Banca  produced  but  3,932  tons. 

Prof.  G.  J.  Mulder  analyzed  Banca  tin  with  the  following        ^^^^^  ®' 
results : 

Lead '. 0.014 

Irou 0.019 

Copper 0.006 

Imparities 0.039 

Tin 99.961 

100   00 

Considerable  deposits  of  magnetite  are  found  in  the  east- 
em  part  of  the  island.    Gold  is  found  in  small  quantities    Oou. 
with  the  stream-tiD,  and  sometimes  in  quite  important  quan- 
ities  on  the  sea-beach  in  the  district  of  Merawang. 

The  island  of  Billiton.  Bimton. 

The  geological  formation  and  the  methods  of  working  the    Geological  for 
ore  are  essentially  the  same  as  those  of  Banca.    Stockwerke  "^  "** 
take  a  more  important  place,  and  are  mined  to  some  extent. 
Tungsten  occurs  in  a  single  mine,  and  in  another  galena  is 
met  with.    Copper  occurs  only  in  traces. 

The  tin  deposits  in  Billiton  were  discovered  by  M.  De    CDeOroot 
Groot,  in  1851,  and  the  workings  were  opened  in  1853,  in  ^^^  ^^^^^  ?n 
which  year  11  tons  of  tin  were  produced  (1  ton  equals  i^^i. 
1,000  kilos).    In  1863  the  production  was  645  tons,  and  in       iSj^"******" 
1870, 2,957  tons ;  f6r  the  years  1871-'75,  both  inclusive,  annu- 
ally 3,390  tons,  and  in  1876,  3,721  tons. 

Dr.  Vlaanderen  analyzed  Billiton  tin,  which  is  of  the^.,„  AnaiyBieof 

•^  '  BilUton  tin. 

same  degree  of  purity  as  Banca  tin.  It  contains,  however, 
about  .03  of  1  per  cent,  of  arsenic  and  antimony,  but  no 
cop])er. 

The  Billiton  tin  mines  are  worked  by  a  stock  company, 
employing  Chinese  workmen. 

Other  tin  deposits  in  the  Butch  East  Indies. 

Cassiterite  is  found  in  small  and  not  important  but  work-    caasiterite  in 
able  quantities  in  the  little  islands  of  Karimou  and  Singkep.  ^ 
A  concession  has  been  granted  for  working  deposits  of  tin- 
stone in  Negri  Tapong,  a  mountainous  district  in  Eastern 

*A  metrical  ton  is  1 ,000  kilos,  or  2,205  lbs. 
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NBTHKRLASD6.  Somatra,  and  in  1877  200  Chinese  miners  were  at  work 

Tin  mines  in  there  in  three  mines.    A  company  is  being  formed  for  work- 
Dutch  Boat  In-  .        ,,  ,  .,  It 

dies.  mg  these  deposits  on  a  larger  scale. 

Coal.  Coal  is  mined  in  the  eastern  and  southeastern  portions  of       1 

Borneo.  It  occurs  in  the  Lower  Eocene  and  appears  to  be 
of  a  fair  quality. 

Biamonda.  Diamonds  are  found  in  the  eastern  and  in  the  western 

parts  of  Borneo,  in  the  detritus,  but  thus  far  not  in  place. 
Itacolumite  is  found  with  them  in  the  detritus.  They  are 
also  found  not  far  from  mountains  of  serpentine.  Fo  re- 
port is  made  of  the  quantity  or  value  of  the  diamonds  found. 

Gold.  Gold  is  found  in  many  parts  of  the  Dutch  Indies ;  in  pay- 

ing quantities  in  the  interior  of  Sumatra  and  Borneo,  in  the 
north  of  Celebes,  and  on  the  island  of  Kassarouta,  in  the 
Moluccas.  Platinum  is  found  associated  with  gold,  and 
with  it,  in  some  instances,  ruthenium  sulphide. 

The  quantities  of  Banca  and  Billlton  tin  yearly  put  upon 
the  market  are  regularly  reporttd  in  the  Mineral  Statistics 
of  Oreat  Britain. 


XV. 

BULLION  PEODUCT  OP  THE  UNITED  STATES. 

Little  that  is  new  to  mining  men  in  this  country  could  be 
said  of  the  United  States  exhibit  in  Glass  43.  Instead  of 
any  attempt  to  do  so,  the  following  discussion  of  the  bullion 
yield,  perhaps  the  most  condensed  and  exhaustive  which 
has  as  yet  appeared,  is  submitted  as  a  valuable  addition  to 
the  English  literature  of  this  important  subject,  and  as  being 
in  harmony  with  the  tone  and  purpose  of  the  preceding  es- 
says. 

"THE   PRODUCTION   OF   THE    PRECIOUS   METALS    IN   THE    BnUionwduct 

UNITED  STATES.  f^^  b^'^S? 

By  Dr.  Adolp  Soktbeeb.  Adolf  Soetbeer. 

\Petennann*9  MitthMlungen,  ErgHngungth^  No,  57.    TnnalAted  by  A.  T.  Becker.] 

THB  UNITED  STATES  OF  AMERICA. 

J.  D.  Whitney.    The  MetaUio  Wealth  of  the  United  States,  described       Litentaxe  of 
and  compared  with  that  of  other  countries,  PhUadelphia,  1854,  pp.  ^^  •«1^<»*- 
79-185. 

Lanr.  Dn  Gisement  et  de  TExploitation  de  TOr  en  Califomie,  Annalee 
des  Mines,  6i&nie  s^rie,  t.  iii,  PariH,  1863,  pp.  347-4%. 

Beriohte  des  deutschen  (Resp.  preassischen)  Eonsulats  in  San  Fran- 
cisco, Teroeffentlicht  im  preussischen  Handels-Archiv,  1850-'74. 

F.  von  Richthofen.  Die  Metall-Prodoktion  Califomiens  und  der  an- 
grenzenden  Laender,  Gotha,  1864,  4^. 

Jacoby.  Rnsslands,  Australieos  und  Califomiens  Gold-Produkion,  im 
Aichiv  fur  wissenschaftliche  Euode  von  Russland  von  A.  Erman- 
band,  24<^,  St.  Petersburg,  1865. 

J.  Ross  Browne.  Mineral  Resources  of  the  United  States,  Washington, 
1867. 

W.  P.  Bli&e.  The  Production  of  Precious  Metals,  etc..  New  York  and 
London,  1869. 

J.  A.  Phillips.  The  Mining  and  Metallurgy  of  Gold  and  Silver,  London, 
1867,  pp.  2^76. 

Rossiter  W.  Raymond.  Mineral  Resources  of  the  States  west  of  the 
Rocky  Mountains,  Washington,  1869.  Statistics  of  Mines  and  Min- 
ing in  the  States  and  Territories  west  of  the  Rocky  Mountains  for 
the  year  1870,  Washington,  1870.  Statistics  of  Mines  and  Mining 
in  the  States  and  Territories  west  of  the  Rocky  Mountains,  4-8 
annual  report,  Washington,  1873-'77.  Silver  and  Gold,  New  York, 
1873.  The  Production  of  Silver  and  Gold  in  the  United  States,  in 
American  and  English  Mining  Journal,  1875,  vol.  ii,  p.  329. 

Report  of  the  Select  Committee  ou  Depreciation  of  Silver,  Pari.  Pap., 
London,  1876,  fol..  Appendix  No.  8-19,  No.  21,  pp.  133-147. 

E.  Suess.    Zukunft  des  Goldes,  Wien   1877,  9, 118-157. 

Report  and  Accompanying  Documenis  of  the  United  States  Monetary 
Commission,  vol.  i,  Washington,  1877,  Appendix,  pp.  1-60. 

A.  Del  Mar.    Report  on  Silver  Production  in  the  United  States. 
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o?^2°  ^uStS     "  -^^^  essentially  diflferent  periods  may  be  distiuguislied  in 
States.  the  production  of  precious  metals  in  the  extensive  region  of 

country  which  now  comprises  the  United  States  of  America. 
They  are  separated  by  the  discovery  of  the  gold  fields  of 
Galifomia.  Before  the  year  1849  the  United  States  yielded 
perhaps  less  gold  and  silver  than  any  other  diversified  re- 
gion of  country  of  the  same  extent.  Since  then  the  coun- 
try has  rapidly  advanced  to  the  foremost  rank  in  this  respect. 
We  first  meet  with  traces  of  gold- mining  at  the  end  of  the 
last  century  in  Virginia  and  South  Garolinsi.  The  industry'' 
became  somewhat  more  important  between  1820  and  1840, 
when  gold  was  also  found  in  !North  Carolina,  Georgia,  Ten- 
nessee, and  Alabama,  and  the  gold  obtained  was  coined  in 
the  newly-established  mints.  According  to  the  summaries 
j.D.  wwtney.  of  Mr.  J.  D.  Whitney,  the  gold  product  in  the  separate 
States  from  1804  to  1850,  and  in  the  respective  divisions  of 
time,  was  as  follows : 

Gold  prodno-  Value  of  gold  production  from  1804  to  1850. 

tion  preTioxis  to.,.     .    .  ^^   <■»£>  ^aa 

1850.*  Virgmia $1,1^,600 

North  Carolina 6,842,900 

South  Carolina 818,100 

Georgia 6,048,5100 

Tennessee  and  Alabama 263,800 

Total 15,172,300 

Value  of  gold  production  in  the  respective  divieione  of  time. 

1804-'23 $47,000 

1824-'30 715,000 

1831-'40 6,695,000 

1841-^50 7,715,000 

15, 172, 000 

Gold  deuvered     "  From  1851 14>  1867  the  whole  amount  of  gold  delivered  at 
minta,  Vl^8^  the  miuts  in  the  Eastern  States  amounted  only  to  $4,391,915. 

How  insignificant  this  sum  appears  when  compared  with  the 

enormous  quantities  of  gold  California  and,  latterly,  aJso 

other  States  and  Territories  west  of  the  Eocky  Monntaios 

have  produced  since  1848.    It  is  a  difficult  task  to  ascertain 

Means  for  esti-  cvcu  approximately  the  quantity  of  gold  which  has  been 

du^on  of  tiie  re^  obtained  here,  and  all  the  estimates  which  have  been  made 

fer*  M^^  must  be  regarded  a«  untrustworthy,  as  they  vary  veiy  much 

^^^  from  one  another.  They  have  for  the  most  part  been  founded 

upon  the  export  returns  of  San  Francisco,  the  coinages  and 
assays  in  the  mints,  and,  above  all,  the  books  of  Wells,  Fargo, 
&  Co.,  who  have  transported  much  the  greater  part  of  the 
precious  metals  from  the  various  mining  districts  lying  west 
of  the  Eocky  Mountains,  and  keep  exact  accounts  of  the 
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same.    Such  estimates  cannot  Lowever  be  regarded  as  ^c-^^'^wnpn^^u^ 
coratey  for  mere  opinion  based  on  probabilities  outers  largely  states. 
into  them.    A  considerable  part  of  the  gold  obtained  by 
thoasands  of  isolated  gold-diggers  is  exported  either  by  the  m^^th©  quaS- 
owners  themselves  or  by  their  friends,  and  does  not  ^.ppear  t^.v^*^gj[^^^'«>^ 
on  the  books  of  the  express  agents  or  in  the  export  returns  i^y    Mount 
of  San  Francisco.    The  valuations  in  question  usaally  in- 
elude  silver.    This  was  especially  the  case  in  former  limes, 
when  the  silver  product  was  comparatively  small.    In  many 
of  the  estimates  of  lat-er  years,  on  the  couiriU*y,  a  i»art  of 
the  gold  x>roduct  is  reckoned  with  that  of  the  valuation  of 
the  silver,  especially  in  the  product  of  Nevada.    Moreover, 
it  must  not  be  forgotten  that  in  the  sum  total  of  the  afore- 
mentioned estimates  gold  is  included  which  was  originally 
obtained  in  British  Columbia  or  in  the  mining  districts  of 
Mexico  adjacent  to  California,  and  which  is,  therefore,  not 
to  be  reckoned  as  the  product  of  the  United  States.    It  also 
sometimes  occurs  that  in  the  summary  of  the  amounts  trans- 
ported the  same  item  is  twice  stated.    Therefore,  we  must 
allow  a  wide  margin  for  errors,  nor  should  we  lose  sight  of 
the  fact  that  the  temptation  to  overestimate  would  naturally 
be  much  greater  than  to  underestimate. 
"  We  will  begin  bv^  giving  a  table  of  the  export  of  gold  and    TaWeof  thoex- 

*.  «r  port  of  gold  and 

silver  from  San  Francisco  from  1848  to  1863,  taken  from  the  nUver  ft-om  San 

FraDciaco    184S- 

commercial  publications  of  that  city,  which  are  based  on  the  isea,  by  liiohtho. 
custom-bouse  schedules,  and  are  given  by  Mr.  Blake,  and 
also  by  Herr  von  Eichthofen  in  the  above-mentioned  trea- 
tise. Die  Metall'Produktion  Californiens  und  der  angrenzenden 
Laender.  An  addition  has  been  made  to  the  amounts  de- 
clared (luring  the  years  1848-'59,  on  account  of  the  acknowl- 
edged incompleteness  of  the  oificial  returns.  On  the  other 
hand,  for  the  years  1861,  1862,  and  1863  a  reduction  has 
been  made  of,  resi>ectively,  one  and  a  half  millions,  six  mill- 
ions, and  thirteen  millions,  on  account  of  the  silver  contained 
in  the  amounts  declared.  The  export  of  the  latter  by  way 
of  San  Francisco  has  become  of  greater  importance  since 
1861. 

Declared  and 
Efltinutted    estimated     sold 
actual  gold  «?Port  ^""^  San 
export.       Franciaco : 


IMS 

1849 

1860 

1861  np  to  Kay  1 i  11,487,000 

1851 34,060,885 

1852 45,779,000 

188J 64,066.000 

1854 52,045.683 

1866 '  45,161,731 


$10,000,000     1848-1855. 
40, 000, 000 
60,000,000 

66,000,000 

60,000,000 
65,000,000 
60,000,000 
55,000,000 
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Bnllion  prodnet 
ot  tho  Uniukl 
Stateg. 

Gold  exports 

from  San  Fran- 

Cisco: 

1856-1863.  1856. 

1857. 
1858 
1859. 
1860. 
1861. 
1862. 
1863. 


Years. 


Declu^ 
gold  exports 


$50,687,434 
48,976.692 
47,548,020 
47, 640, 462 
42, 825, 916 
40,676.758 
42, 561. 761 
46,071,920 


Estimated 

actual   cold 

expon. 


$55,000,000 
55,000.000 
50,000.000 
50,000,000 
42, 825. 916 
39. 176, 75S 
36. 061, 7G1 
33,071,820 


Richthofen's     «<  BichthofeQ  eluciddtes  bin  tables  with  the  following 

remarks  on  the  _ 

table.  marks :  ^^  The  gold  product  of  California  during  the  last  few 

years  may  be  estimated  with  considerable  exactness,  that 
produced  in  eat  lier  years  only  approximately.  The  exporta- 
tions  three  times  a  month  per  steamer  via  Panama,  and  by 
ship  to  China  and  other  parts,  serves  as  the  basis  for  the 
statistical  statements.  These  figures  give  almost  the  total 
export  in  gold  coin  and  ingots  during  the  later  years,  bat 
do  not  include  the  gold  remaining  in  the  country.  The 
amount  of  this  latter  is  by  no  means  insignificant,  sls  in 
California  paper  money  is  not  current  and  only  payments 
in  specie  are  accepted.  Furthermore,  the  fact  of  silver 
being  contained  in  the  ingots  of  gold  is  not  stated.  But,  as 
the  average  standard  of  gold  is  0.850,  this  last  mentioned 
fact  may  be  neglected  as  of  small  importance.  Of  far 
greater  importance,  however,  is  the  fact  that  large  sums  are 
transmitted  abroad  through  private  individuals,  and  in  for- 
mer times  even  larger  sums  were  thus  exported  in  the  form 
of  gold-dust.    In  the  first  years  the  whole  exportation  was 

M<^eof making  carried  ou  in  this  way.  In  the  preceding  tables  is  given, 
first,  the  value  of  the  gold  according  to  official  tables,  and, 
secondly,  the  value  according  to  estimates,  in  which  the  sams 
exported  by  private  individuals  are  allowed  for.  Up  to  1 860 
the  recorded  export  consisted  entirely  in  gold  coin  and  ingots 
of  gold.  In  order  to  obtain  accurate  estimates  for  the  three 
years  1861, 1862,  and  1863,  the  gold  contained  in  the  bars 
of  exported  silver  must  be  taken  into  consideration,  as  it 
amounts  to  no  inconsiderable  sum.  This  fact  has  been  leit 
unnoticed  in  the  above  statement  in  order  to  present  a  clear 
idea  of  the  yield  of  the  gold  mines  and  gold- washings."  Herr 
Decrease  in  the  von  Bichthofcn  further  observes  that  the  decrease  in  the 

prodact  ^  California  gold  product  is  very  noticeable  when  it  is  remem- 
bered that  in  former  years  the  whole  amount  obtained  was 
from  the  gold- washings  of  California  alone,  whereas  in  later 
years  the  gold  mines  of  the  whole  country  and  the  gold- 
washings  of  Idaho,  Arizona,  and  British  Columbia  contrib- 
uted to  the  sum. 
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<^  The  decrease  in  the  gold  yield  would  have  been  ©ven^^'^Jg^^^SS 
greater  were  it  not  for  the  increase  of  the  Chinese  popula-  stotea. 
tion.    A  white  man  is  rarely  satisfied  with  $4  a  day,  whereas 
the  Chinese  work  for  $1,  and  even  less,  and  consequently 
the  abandoned  gold-washings  could  be  reworked  with  suc- 
cess. 

"  Jacoby  {Archiv  fur  tciasmschaflliche  Kunde  van  Russ-  ^^^^^*  ^!^, 
land.  B.  24)  declares  Herr  von  Bichthofen's  estimates  to  be  too  tho/en's      etu- 

mates. 

low  ;  that  the  decrease  in  the  export  is  no  indication  of  a  de- 
crease in  the  product,  and  that  the  increase  of  the  other 
products  and  exports  of  California  is  an  evident  cause  for 
the  retention  of  a  much  larger  proportion  of  gold  and  silver 
in  the  country.  It  also  appears  unwarrantable  to  make  no 
allowance  for  the  gold  which  has  been  shipped  during  the 
pa«t  three  years  without  declaration.  The  gold  yield  of  Cali- 
fornia and  the  adjacent  States  for  the  years  1856-'62  may 
be  estimated  at  an  average  of  from  seventy-five  to  eighty 
mllion  dollars. 

'*  Mr.  W.  P.  Blake,  who  has  extended  the  above  tables  of  ^^i^^iP^g^^^J; 
the  export  of  gold  and  silver  for  the  years  1874-'76  according  thofen'n  tables. 
to  the  custom-house  schedules  of  San  Francisco — viz,  1864, 
$56,707,201 ;  1865,    $45,308,227 ;   1866,    $44,364,393 ;   1867, 
$44,676,292— observes    further:      *  Without   doubt    large 
amounts  of  precious  metal  are  carried  away  from  San  Fran- 
cisco by  passengers  in  the  form  of  gold  coin  and  ingots. 
The  amount  thus  exported  is  variously  estimated.    Commis-  und2^Sd*^id 
sioner  Browne  estimates  it  at  about  two  hundred  millions  up  ^*i5«mcu^" 
to  the  year  1865.    This  estimate  is,  however,  probably  too 
high.    Usually  an  addition  of  10  per  cent,  is  made  to  the  de- 
clared amount  sent  from  the  interior  for  what  is  carried  off 
by  the  gold-diggers  themselves,  and  which  does  not  appear 
on  the  books  of  the  express  agents.'    This  addition  must 
sdso  be  regarded  as  too  great,  for  it  would  amount  to  more 
than  the  sums  shipped  without  declaration.    Blake  esti- 
mates the  whole  precious-metal  export  of  California  as  fol- 
lows: 

Declared  export  from  San  Francisco $864, 495, 446  wholf"*5?Sfo^ 

Uudeolared  export,  assumed  at  10  per  cent,  of  the  declared.      86, 449, 544  metal  export  of 
Assnmed  to  have  been  retained  in  the  country 45, 000, 000 

Total 995,944,990 

Herefrom  to  be  deducted  as  product  of  British  Columbia 
and  Mexico 35,000,000 

Remains,  in  round  numbers 961, 000, 000 

Of  this  sum,  according  to  approximate  estimation,  gold . .     807, 000, 000 

<'  Before  we  proceed  to  the  valuations  of  the  entire  bullion 
Ijrield  of  the  United  States  we  will  complete  the  above  table 
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o?"?he°^uSw^^  the  declared  exports  from  San  Francisco  for  the  years 

states. 


Bnllion  export 


1868  to  1876  from  published  estimates  by  Mr.  Valentine, 
friTaSi ^f?2! snperintendent  of  WeUs,  Fargo,  &  Co.  Express.  Accord- 
oiBco:  ing  ^  these  statements  the  export  amounted  to — 

1868-1875.  18C8 t35, 444,393 

18C9 37,287,117 

1870 32,983,140 

wJ^y^^l^^^^ 17,2o:J,347 

Co.         1872 20,330,436 

1873 24,715,126 

1874 30,180,632 

1875 42,911,048 

BuUion  export:     "  We  add  cspecial  statistics  of  the  bullion  export  from  San 

1875-1877. 

Francisco  during  the  three  years  1875  to  1877  from  the  re- 
Eatimate  of  the  ports  of  the  German  consulate  of  that  city,  including  the 

German  consul.    *^  ./  7  o 

countries  for  which  the  exports  are  destined,  as  well  as  the 
nature  of  the  same. 

Export  of  bullion  in  ingote  and  gold-dust^  in  coin,  and  paper  money, 

[Paper  money  is  included  in  the  oalcolation  merely  in  order  that  the  sums  of  the  two 

statements  may  agree.] 


Destination. 


Destination. 


Export  by  sea  to  England 

Export  by  sea  to  Chma 

Export  by  sea  to  Panama 

Export  by  sea  to  Japan 

Export  by  sea  to  other  countries 

Remitted  OTerland  to  New  York 
Total 


1875. 

1876. 

$173, 147 

7, 652, 953 

2.070 

6.963 

607,321 

$43,803 

10,918,067 

10,300 

081,854 

440, 610 

8,342,454 
34,568,694 

12,305,534 
37,381,612 

1877. 


$17,601,274 

5.202 

643,049 

874,574 


10, 124, 189 
38,610,462 


42, 911. 048     40, 780, 146  I    57. 743, 651 


This  total  export  consisted  in — 


Nature  of  the 
exports. 


Gold  ingots 

Silver  ingots 

Gold  coin 

Mexican  dollars 

Gold  dust 

Silvercoin ;    1,140,910 

Trade  doUars 4,010,850 

Peruvian  dollars 

Paper  money... 21,000 


$905,010 

8,734>714 

24,939,687 

1, 822, 978 

44,972 


$8,457,823 

10. 733, 867 

21.761,040 

2, 807. 113 

28,346 

5,168.031 

6. 734, 126 


Total 42,911,048     49,780,146 


1877. 


12,200,282 

8,820.082 

29,000,525 

2,671,666 

22,397 

5.763,207 

8,620,345 

27,057 


57. 743, 651 


sirae^of^MSSng     "  Siucc  the  year  1867  a  Commissioner  of  Mining  Statistics, 
statistics.         appointed  by  the  United  States  Government,  has  held  of- 
fice.   It  is  his  duty  to  send  in  a  yearly  and  circumstantial 
account  to  the  Secretary  of  the  Treasury.    This  report  is 
then  laid  before  Congress  and  printed.    For  the  first  two 
j.BMsBnmne.  years  this  positiou  was  held  by  Mr.  J.  Boss  Browne;  after 
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him  by  Mr.  Rossiter  W.  Raymond,  who  in  the  year  1877  o?'^S''^^t£i 
handed  in  his  eighth  annual  rei)ort  (for  the  year  1876).  statee. 
These  reports,  which,  as  the  author  states  in  the  preface  to 
the  last,  are  concluded  for  the  present,  contain  a  vast  num-  B.w.Eaymood. 
ber  of  details  concerning  the  various  mining  enterprises  and 
also  much  technical  information  of  all  sorts.    Mr.  Raymond 
has  personally  inspected  most  of  the  mines  in  the  various 
States  and  Territories  and  put  himself  in  communication 
-with  a  large  number  of  persons  who  could  give  him  useful 
information  on  the  subject  in  question,  and  £rom  whom  he 
almost  invariably  met  with  the  readiest  assistance.    In  col- 
lecting the  statistical  information  he  was  especially  aided 
by  the  express  companies.    On  the  other  hand,  the  circulars 
containing  lists  of  queries,  which  were  distributed,  proved 
of  little  use. 

<<  Complete  and  statistically  accurate  accounts  are  given  of 
many  of  the  mining  enterprises,  but  in  regard  to  the  sum- 
ming up  of  the  entire  bullion  yield  one  can  readily  perceive 
Mr.  Raymond's  diffidence  about  giving  comprehensive  state-    vaiue  of  Hr. 
ments  as  the  result  of  his  own  special  investigations,  whereas  taiSd       stste- 
it  is  precisely  his  estimates  which  have  the  greatest  value  "*^ 
for  the  public  and  the  civil  authorities.    But  this  very  re-  Abseaioeofoom- 
serve  on  the  part  of  the  author  in  giving  general  estimates,  enieetimates. 
on  account  of  the  incompleteness  of  his  materials,  gives  one 
confidence  in  his  detailed  statements.    When  Mr.  Raymond 
occasionally,  though  with  reservations,  gives  general  esti- 
mates, they  may  be  regarded  as  more  authoritative  than 
others,  unless  a  decided  reason  for  material  deviation  be 
given. 

"  The  following  tables  contain  the  yearly  reports  of  Mr.   AnnaaiyieWof 
Raymond  on  the  annual  yield  of  the  precious  metals  in  the^^statea  and 
various  States  and  Territories,  and  also  a  summary  of  the 
presumable  total  yearly  yield  of  both  gold  and  silver : 


States  and  Teniioriea. 


California 

Nevada 

Montana 

Idaho 

Oregon  and  Waahington 

Arizona 

New  Mexico 

Colorado  and  Wyoming. 

Utah 

From  other  parts 

Total 


1868. 


$22,000,000 

14, 000, 000 

15, 000, 000 

7,000,000 

4,  000, 000 

500,000 

250,000 

3, 250, 000 

1,666,066 


07,000,000 


1880. 


$22,600,000 
14, 000, 000 
9,000,000 
7, 000, 000 
3, 000, 000 
1,000,000 
600,000 
4, 000, 000 


500,000 


61, 600, 000 


1870. 


$26,000,000 

16, 000, 000 

0, 100, 000 

6,000,000 

3, 000, 000 

800,000 

600,000 

3,775,000 

1,800,000 

625,000 


66,000,000 


1871. 


$20,000,000 

22,600,000 

8,060,000 

6,000,000 

2,600,000 

800,000 

600,000 

4, 7G3, 000 

2,800,000 

250,000 


66,663,000 


1868-187L 


352 


UNIVERSAL   EXPOSITION  AT   PARIS,  JWS. 


BalUon  product 
rf^e    United  Stoteeand  Tirritorie*. 


Axmiudyieldof  CaUfornift 

precipns    metols  Nevada 

Dv    States    and  Montana 

iTerritoriea:  1872- Idaho 

1875.  Oregon  and  Washington. 

Arisona 

New  Mexico 

Colorado  and  Wyoming . . 

Utah 

From  other  parts 


Total 


1872. 


110,049,098 

25,548,801 

6, 068, 830 

2, 695, 870 

2,000,000 

625^000 

500,000 

4,761,465 

2,445,284 

250,000 


68,048,857 


1873. 


118,026,722 

35,254,507 

5,178,047 

2,500,000 

1,585,784 

600,000 

500,000 

4,070.263 

3, 778, 200 

250,000 


71,642,528 


1874. 


$20,800,631 

35,452,233 

8,844,722 

1,880.004 

763,005 

487,000 

600,000 

5,188,510 

3,  Oil,  601 

100,000 


72,428,206 


187& 


$17,758,151 

4J,478,8flO 

8,573,600 

1,750,000 

1,246^078 

750,000 

325,000 

5^  302, 810 

3,137,688 

600^000 


74,817,006 


Total  bnllion 
product  of  the 
United  States: 


Jbtal  huUUm  product  of  ike  UnUed  Staim. 


Years. 


1848-1875. 


1848 
1840 
1860 
1851 
1852 
1858 
1854 
1856 
1856 
1867 
1858 
1850 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1800 
1870 
1871 
1872 
1878 
1874 
1875 


Gold. 


$10, 000, 000 
40,000,000 
50, 000, 000 
55,000,000 
60, 000, 000 
65,000,000 
60, 000, 000 
66^000,000 
55,000,000 
55,000,000 
50,000,000 
50,000,000 
46, 000, 000 
43, 000, 000 
39, 200, 000 
40, 000, 000 
46, 100, 000 
53, 225, 000 
58,500,000 
51, 725, 000 
48,000,000 
49,  500, 000 
50.000,000 
43, 600,  000 
86,000,000 
36,000,000 


Silver. 


$50,000 

50,000 

50,000 

50,000 

50,000 

50,000 

5O,Q0O 

50,000 

50,000 

50,000 

50,000 

100,000 

150,000 

2,000.000 

4,500,000 

8, 500, 000 

11, 000, 000 

11,250,000 

10. 000, 000 

13, 500, 000 

12,000.000 

13. 000  000 

la  000, 000 

22, 000, 000 
25, 750, 000 
35, 750, 000 


Ck>ld  and 
sQver. 


$10,050,000 
40,050,000 
50,050,000 
55,060,000 
60,050,000 
65,060,000 
60,050,000 
55,050,000 
56.050,000 
55,050,000 
50,050,000 
50, 100, 000 
46,160,000 
45, 000, 000 
43,700,000 
48,500,00$ 
57,100,000 
64.475,000 
63.500,000 
63.225,000 
60,000.000 
62,500.000 
66,000,000 
05, 500, 000 
61,760,000 
71,750,000 
72,428,206 
74,817,500 


onttie relative     "  That  Mr.  Baymoud  refrained  flrom  expressing  an  opinion 
l^^dsu^iniu  his  latter  reports  in  regard  to  the  relative  proportions  of 

gold  and  silver  in  the  sam  total  is  explained  by  the  fact 
that  a  sufficiently  explicit  statement  had  not  yet  been  made 
of  the  ^old  contained  in  the  ores  of  the  Gomstock  Lode.  On 
another  occasion  he  estimated  the  silver  prodact  for  1874  at 
$32,800,000  and  for  1875  at  $41,400,000.  In  the  material  for 
the  report  of  the  British  Parliamentary  Commission  Mr. 
Raymond's  estimate  in  regard  to  the  relative  proportions  of 
gold  and  silver  in  the  total  yield  of  the  product  for  the  years 
1874  and  1875  is  supplemented  by  roughly  assuming  the 
relative  proportions  of  gold  and  silver  in  the  total  yield  for 
the  years  1874  and  1875  at  the  round  sums  of  $40,000,000 
gold  and  $32,000,000  silver. 
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**  The  following  tables,  made  out  by  Mr.  Valentine,  of  the^^n^onpg^jlg 
presamable  bollion  yield  in  the  United  States  ^m  1871  to  Stotes. 
1876^  have  been  published  by  Professor  Suess : 


1871 
1873 
1878 
1874 
1875 
1876 


Gold. 


$86,900,000 
39,460,000 
40,460,000 
40,100,000 
41,750,000 
44,330,000 


Sflrer. 


$20,290,000 
20,630,000 
28,250,000 
30,500,000 
34,040,000 
41,500,000 


Valentine's 

Gold  and  }Sj!^^?f,l*>?p^'?- 
ailvAp  ^^^^  yiela  of  the 
■"^«'-      United  States: 


$56,190,000 
60.990,000 
68,710,000 
70, 600, 000 
75,790,000 
85^830,000 


1871-187& 


^<  Mr.  Raymond's  reports  of  the  annual  bullion  yield  in  the   Report  of  Ger- 
various  States  and  Territories  west  of  the  Eocky  Mountains  SS^pwiSL.** 
may  be  complemented  by  extracts  from  the  report  of  the 
Crerman  consulate  at  San  Francisco,  according  to  approxi-^^J*^jg^«»'  gow 
mate  valuations  of  the  amounts  of  gold  and  silver:  ^^ot: 


states  and  Territories. 


California 

Nevada 

Oregon 

Washington 

Idaho... 

Montana 

Ulah 

Arisona , 

Kew  Mexico 

Wyoming  and  Dakota , 

Cc*orado 

Mexico , 

British  Colombia 

Total 

Sobtiacted  for  Mexico  and  British  Colombia 

Bullion  yield  of  the  United  States 


187& 


$19,000,000 

40, 300, 000 

1, 200, 000 

100,000 

1.700,000 

2, 800, 000 

6, 000. 000 

1,400,000 

500,000 

700.000 

7,000,000 

2,200,000 

1,600,000 


93,000,000 
2, 700, 000 


90, 800, 000 


1877. 


1876-1877. 


$18, 174, 716 

51,680,290 

1, 191, 007 

92,226 

1,832,495 

2, 644, 912 

8, 113, 755 

2, 388, 622 

370, 010 

1, 500, 000 

7, 013, 540 

1.432,002 

1, 177, 190 


998,421,754 
2, 610, 182 


95, 811, 572 


Relative  noan- 
old  and 


"Of  this  product,  in  1877  ($98,421,754)  about  $50,000,000, 
or  rather  more  than  half  the  sum  total,  was  gold,  whereas  of  Siwfi^e^iSn! 
the  yield  in  1876  about  $48,000,000  was  gold  and  $45,000,000 
silver.    The  consular  report  contains  the  following  observa- 
tions on  the  sources  of  these  tables:   ^The  statements  of     Difficulties  in 
the  various  mining  companies  regarding  the  yield  of  their  fn^atw^SSS 
mines  are  by  no  means  accurate,  for  no  one  is  disposed  to  *"*p**^^®*- 
'  show  bis  hand,'  and  the  artificially  stimulated  fluctuations 
of  the  stock  market  are  dependent  upon  reports  alternately 
hopeful  and  discouraging,  and  which  have  little  in  common 
with  the  real  state  of  affairs.    Wells,  Fargo,  &  Co.  still  re-    Data  of  the  Ex. 
main  the  most  trustworthy  authorities  for  the  bullion  yield,  tSI  mostreSwS 
as  the  greater  part  of  it  is  transported  by  them.    In  cases, 
too,  where  mere  estimates  only  are  possible,  they  have  busi- 
ness connections  through  which  they  can  arrive  better  than 
any  one  else  at  the  correct  valuation.' 
23  p  R VOL  4 
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o?"tbr^5S?ed     "  ^^®  vrholQ  bullion  product  of  the  United  States  west  of 
states.  the  Rocky  Mountains  is  roughly  estimated  as  follows : 

California $1,  lt>5, 200, 000 

Total  bnllion  Nevada 396,600,000 

!StSd*    stoS? Oregon  and  Washington 44.000,000 

westoftheRooky  Idaho 65,000,000 

Momitaina.  . 

Montana 130,600,000 

Utah 35,600,000 

Arizona 10,300,000 

Colorado 5*2,600,000 

Wyoming  and  Dakota 3, 100, 000 

New  Mexico 4,600,000 

• 

Total 1,907,500,000 

From  British  Columbia 31,200,000 

From  the  northwest  coast  of  Mexico 7, 400, 000 

Aggregate 1,946,100,000 

^Ex^cta^  from     ii  ^e  cxtract  from  the  reports  of  the  British  consul  at  San 
British  coneni  at  Fraucisco  somo  of  the  observations  which  are  annexed  to 

San  Frnncisoo. 

the  tabular  statements,  at  the  same  time  noting  the  fluctu- 
ations in  the  price  of  quicksilver,  as  they  are  of  great  im- 
portance in  the  milling  of  silver  ores,  not  only  in  the  United 
States  but  also  in  Mexico  and  South  America. 

Keportfor3872.  «<  Report  foT  the  year  1872. — ^Wells,  Fargo,  &  Co.  Express 
forwarded  silver  to  the  value  of  $62,000,000,  and  as  it  may 
be  presumed  that  at  least  a  quarter  more  fouud  its  way  to 
San  Francisco  through  other  channels,  the  statisticians  do 
not  consider  $80,000,000  too  high  an  estimate  for  the  total 
bullion  yield  of  the  whole  country  west  of  the  Rocky 
Mountains.  The  largest  part  of  it,  however,  no  longer  comes 
from  California,  but  from  Kevada,  which  State  is  credited 
with  $25,500,000.  Comparatively  the  greatest  advance  was 
made  by  Utah  Territory,  whose  share  has  been  variously 
estimated  at  from  $4,000,000  to  $10,000,000,  while  the 
Washoe  Silver  Mines  still  remain  the  most  productive.  It 
is  worthy  of  note  that  the  gold  product  is  on  the  decrease, 
while  that  of  silver  is  on  the  increase.  The  quicksilver 
product  in  California  amounted  to  30,306  flasks ;  the  price 
ranged  from  85  to  87^  cents  per  x>ound. 

Report  for  1874.  "  RepwTtfoT  the  year  1874.* — ^The  yield  of  the  mines  in  the 
various  States  and  Territories  is  larger  than  that  of  any 
l)receding  year,  partly  in  consequence  of  the  extraordinary 
richness  of  many  veins,  partly  also  because,  the  rains  hav- 
ing been  early  and  plentiful,  mining  could  be  carried  on 
longer  than  usual.    The  returns  exceed  those  of  1873  by 


• 


No  report  has  been  presented  ior  the  year  lrt73. 
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82,000,000,  and  those  of  1872  by  $12,000,000.    The  yield  ^B"}«^iipr^.n^ 
consisted  of  gold  dust  and  ingots  to  the  value  of  $26,358,776,  states. 
of  silver  ingots  (which,  however,  frequently  contain  one- 
quarter  part  gold)  to  the  value  of  $35,681,411,  and  of  argen-  BHUsh^nBui^ 
tiferous  lead  ores  to  the  value  $12,360,868.    Utah  yields  ^"^  ^'"^*^^**^- 
principally  argentiferous  lead ;  the  gold  yield  of  this  Ter- 
ritory in  1874  did  not  exceed  $100,000.    Colorado  ingots  con-    Reportfor  mi. 
tain  about  flve-eighths  sUver  and  three-eighths  gold.    The 
mines  of  California  (with  the  exception  of  the  Inyo  district) 
and  New  Mexico  yield  almost  exclusively  gold.    The  most 
important  event  was  the  discovery  towards  the  end  of  the 
year  of  an  ore  body  in  the  Comstock  Lode  which  appears 
to  surpass  all  former  discoveries  in  size  and  richness.    The 
yield  of  the  quicksilver  mines  was  34,154  flasks ;  the  price 
rose  from  $1.20  to  $1.55. 

^^  Report  for  the  year  1875. — ^The  total  yield  for  this  year  r»tportfori875. 
may  be  estimated  at  $90,000,000 ;  for  besides  the  $80,889,037 
which  were  intrusted  to  Wells,  Fargo,  &  Co.  as  the  yield  of 
the  mines  in  the  States  and  Territories  lying  west  of  the 
Missouri,  ores,  gold  dust,  etc.,  were  exported  by  other  and 
private  means.  The  Nevada  (Comstock  Lode)  mines  yielded 
$5,000,000  more  than  in  the  preceding  year,  in  spite  of  the 
lire,  which  caused  a  suspension  of  work  for  many  months, 
and  therefore  the  assumption  that  they  will  yield  $50,000,000 
in  1875  is  not  unfounded.  The  product  of  the  California 
quicksilver  mines  was  53,706  flasks.  At  the  end  of  the 
year  the  price  had  sunk  to  62  J  cents  per  pound. 

^^  Report  for  the  year  1876. — Wells,  Fargo,  &  Co.  trans-  Reportfor  isrc. 
ported  $75,199,541  in  gold  and  flne  silver  ingots.  But  a  large 
amount  of  bullion  ih>m  the  distant  mines  was  transmitted 
by  private  means  and  by  post  to  save  the  high  express  and 
insurance  rates,  and  the  base  bullion  was  sent  almost  with- 
out exception  as  freight.  The  sum  total  may  be  pretty  ac- 
curately estimated  at  $93,000,000.  In  consequence  of  the 
loss  which  the  mine  owners  met  with  through  the  deprecia- 
tion of  silver,  they  lowered  the  wages  of  the  miners.  The 
yield  of  the  quicksilver  mines  in  the  year  1876  was  unusu- 
ally large,  and  amounted  to  75,074  flasks.  This  increased 
produce  reduced  the  price  of  quicksilver  to  55  cents  per 
I)ound. 

^*' Report  for  the  year  1877. — It  was  supposed  that  the  gold  Eeportfona??. 
yield  tor  this  dry  year  had  been  as  poor  as  the  wheat  har- 
vest, as  water  is  almost  as  essential  for  mining  as  for  agri- 
culture. The  primitive  method  of  washing  the  gold  found 
on  the  surface  by  hand  (placer  mining),  now  falling  into 
disuse  and  undertaken  to  any  large  extent  only  by  the 
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o?°Sr  ^^M  C^^^se,  is  as  a  matter  of  course  dependent  upon  rain.  So, 
states.  too,  is  the  process  known  as  the  hydraulic  method,  in  which, 

hill-sides  are  disintegrated  and  strata  of  auriferous  gravel 
B^h'coiuiyat  ^®  washed  out.  Jets  of  water  issue  from  movable  nozzles 
San  Frandaoo.    of  Q  and  10  iuchcs  iu  diameter  under  tremendous  pressure 

towards  the  bank  which  is  to  be  demolished.  This  method 
Report  for  1877.  of  mining,  too,  must  suffer  from  a  dry  year,  although  the 

water-power  is  obtained  from  large  brooks  which  seldom 

run  dry.  Finally,  in  very  many  Of  the  tunnel  mines  proper 
Apprehenaiona  water  is  the  Only  motive  power  for  the  quartz  miUs.    In 

owing  to  soaroity  «/  ».  « 

uf  water.  conscqueuce  of  all  this,  the  natural  conclusion  was  that  the 

yield  for  1877  would  be  far  smaller  than  that  of  the  previous 
year.  This  apprehension  appears  the  more  warrantable, 
because,  during  the  year,  the  whole  list  of  mining  shares 
sunk  lower  and  remained  depreciated  longer  than  had  ever 
Depreoiationof  before  bccu  the  case.  It  appears,  however,  as  if  there  were 
^  ******  some  other  ground  for  this  continued  depreciation  of  the 
stock  besides  the  unproductiveness  of  the  mines,  and  the 
reason  is  probably  to  be  found  in  the  fact  that  there  was  a 
great  lack  of  money  among  the  speculating  public  and  a 
consequent  inability  to  buy ;  for  if  the  newly-issued  reports 
are  in  any  way  to  be  credited,  the  bullion  yield  in  1877  was 
not  inferior  to  that  of  the  previous  year.  In  ('alifornia, 
Kew  Mexico,  Montana,  British  Columbia,  and  Mexico  the 
total  yield  is,  to  be  sure,  somewhat  behind,  that  of  1876,  but 
the  difference  is  comparatively  small.  It  may,  therefore^  be 
concluded  that  the  loss  caused  by  scarcity  of  water  has 
been  made  good  by  the  discovery  of  new  mines  and  the 
enlargement  of  old  ones,  and  that,  had  it  not  been  for  this 
drawback,  the  yield  would  have  been  far  higher,  as  Nevada, 
Utah,  Arizona,  Oregon,  Washington,  Idaho,  Colorado,  and 
Dakota,  where  rain  and  snow  were  plentiful,  have  larger 
returns  to  show.  These  remarks  are  followed  in  the  report 
by  the  detailed  estimate  of  the  probable  yield,  amounting 
to  $94,421,7/34,  which  has  already  been  given.  The  quick- 
silver product  amounted  to  78,600  flasks.  In  consequence 
of  the  low  prices  the  production  of  many  of  the  mines  was 
intentionally  reduced.  A  combination  of  the  principal 
quicksilver  mining  companies  succeeded  iu  bringing  the 
price  up  to  62^  cents  for  a  short  time,  but  the  average  was 
about  42  cents  per  pound. 
suver  produo-  "  Somc  data  respecting  the  silver  production  of  the  United 
States  have  already  been  given  in  connection  with  the  gold 
Up  to  1850  re-  yield  for  the  same  period.    It  is  confessed  on  all  sides  that  up 

piling  of  gold!**  to  the  year  1859  the  silver  yield  of  the  United  States  arose 

almost  exclusively  from  the  parting  of  gold,  and  was  of  very 
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small  importance.    Since  the  discovery  and  openiug  of  the  o^'^r'^toa 
rich  silver  mines  of  Nevada,  however,  it  has  obtained  asta***- 
mnch  greater  importance,  especially  since  the  opening  of  the    Nevada  mineti. 
Gomstock  Lode,  fipom  which  within  a  short  time  snch  enor-    comBtockiode. 
mons  quantities  of  silver  have  been  produced  as  was  never 
before  known  since  the  best  days  of  the  mines  of  Potosi 
and  one  or  two  Mexican  mines.    The  silver  yield  of  the 
United  States  seems  to  have  reached  its  maximum  in  the 
years  1876-77.    But  large  as  the  yield  really  was,  the  exag- 
geration usual  in  such  cases  was  not  lacking.     For  this 
reason  there  was  a  ^eat  variation  in  the  estimates.    This 
was  the  more  natural,  as  at  that  time  the  fluctuations  in  the 
price  of  silver  and  the  extraordinary  reduction  of  the  same 
aroused  an  unusual  interest  in  the  subject. 

"The  board  of  commissioners  appointed  by  the  Briiish    Brjiuh  Paii^ 
Parliament  on  the  3d  of  March,  1879,  to  investigate  the  gation   on    the 

^,,       _  ,.  ,._         '.         .,,.  *^i.j  cause  of  depreoi- 

cause  of  the  depreciation  ol  silver,  give,  m  their  report  dated  ation  in  the  value 
July  3,  of  the  same  ye;ir,  a  detailed  account  of  the  develop-  ^ 
ment  of  the  silver  produce  in  the  United  States,  and  espe- 
cially in  regard  to  the  years  1874-^76.  They  also  collected 
a  quantity  of  material  in  reference  to  this  subject,  which  is 
published  in  the  supplement  to  the  report.  The  yield  of 
several  individual  mines  of  the  Gomstock  Lode  are  giveu ; 
also  the  quotations  and  dividends  of  many  of  these  mining 
enterprises,  and  various  other  details  of  the  same  character. 
The  general  statistical  statements  which  were  submitted  to 
them,  however,  vary  very  much  from  one  another,  and  the 
commissioners  were,  therefore,  unable  to  come  to  a  final 
decision  as  to  which  of  the  estimates  was  approximately  the 
most  correct  Many  of  the  estimates  give  a  presumptive 
silver  yield  in  the  United  States  in  the  year  1876  of  about 
$50,000,000.  There  was  an  equally  large  and  even  an  in- 
creasing yield  anticipated  until  a  correspondence  from  San 
Francisco,  which  was  published  in  the  ^  Times,' put  an  end  to 
such  exaggerated  representations.  It  is  here  stated  with 
authority  that  the  silver  product  in  the  United  States  in  the 
year  1876  did  not  exceed  24,000,000  ounces  fine  silver  or 
(the  ounce  being  reckoned  at  $1.15)  $27,600,000. 

"  We  had  intended  limiting  ourselves  to  the  brief  notes 
already  given  in  reference  to  the  silver  produce  of  the  United 
States,  regardless  of  the  £:ct  that  so  great  a  mass  of  detailed 
leports  lie  before  us  that  many  pages  might  be  filled  with 
them ;  a  decisive  reason  for  this  limitation,  however,  is  the  specir.i  repon 
appearance  of  a  new  special  omcial  report  bearmg  the  title  taryCommis«ion. 
^  Special  Beport  to  the  United  States  Monetary  Commission 
on  the  Beoent  and  Prospective  Pro<luction  of  Silver  m  the 
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o^'^r  ^uSiSS  ^^^*^    States,  particularly  from   the   Gomstock  Lode,' 
statot).  Washington,  February  24, 1877.    This  treatise  is  to  be  found 

in  the  supplement  to  the  report  of  the  aforementioned  SU- 
d2*IS?  ***  ^'  ^'^^  Commission  (vol.  1,  pp.  1  to  60),  which  appointed  Mr. 

Del  Mar  to  examine  into  the  bullion  product  at  its  source,  in 
order  to  do  away  with  the  universal  uncertainity  in  reganl 
to  the  amount  of  the  same. 
prevJSJSSothodf     "  ^^*  ^^^  ^*^  ^®*  explains  the  methods  for  estimating  the 
^S^**bSj^  ^'^'^'^l  bullion  yield  in  the  United  States  which  had  been 
yield.  in  use  up  to  that  date.    The  ^^  export  and  consamptious 

and^  coiSami!"^^*^^''  cousistod  iu  estimating  the  product  according  to 
tioiw"  method,    the  export  schedules  and  the  amounts  which  had  been 

coined  during  the  year.  The  results  of  this  method  are, 
however,  most  imperfect  owing  to  the  notorious  untrust- 
worthiness  and  incompleteness  of  tho  export  statistics. 
The' express"  The  so-callcd  ^'cxpress  method"  consists  in  the  estimates 
made  by  Mr.  Valentine,  superintendent  of  WeUs,  Fargo,  & 
Co.  Express,  of  the  bullion  produce  of  the  mining  district 
west  of  the  Great  Salt  Lake,  which  is  transported  i.lmost 
exclusively  by  this  company.  The  ordinary  statements 
which  are  published  in  the  San  Francisco  papers  are  from 
this  source,  and  are  regarded  by  the  commercial  public  as 
being  more  approximately  accurate  than  the  discordant 
published*estimates ;  but,  on  the  other  hand,  the  objection  is 
raised  that  considerable  amounts  of  gold  dust  and  ingots 
are  brought  to  market  from  the  interior  without  the  express 
company  being  employed,  and  that  ores  which  frequently 
contain  bullion  are  usually  sent  as  ordinary  freight  by  rail, 
and  that,  therefore,  in  these  cases  Mr.  Valentine  is  unable 
to  do  more  than  merely  calculate  the  probabflities.  It  is 
also  very  possible  that  the  same  amount  may  be  twice 
stated,  which  would  of  course  unduly  increase  the  estimate. 
Furthermore,  the  auriferous  silver  is  stated  simply  as  silver, 
and,  therefore,  in  the  declarations  which  have  heretofore 
been  made,  the  gold  product  is  put  down  at  too  low  a  figure 
and  the  silver  product  at  more  than  it  should  be. 
The  "bonic"  ^<The  ^bauk  method'  is  the  estimate  which  is  gained  from 
a  combination  of  the  returns  of  three  banks  of  San  Fran- 
cisco, through  whose  hands  almost  the  entire  silver  product 
of  Oalifomia  and  Nevada  is  put  upon  the  market.  In  criti- 
cising this  method  it  was  pointed  out  that  it  would  be  pos- 
sible to  gain  a  trustworthy  estimate  of  the  bullion  yield  of 
the  United  States  in  this  way  if  all  the  assayers  were 
obliged  by  law  to  declare  the  results  of  their  assays  to  the 
Treasury,  as  all  the  gold  and  silver  obtained  in  the  United 
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States,  down  to  trifling  sums,  are  tested  for  their  alloy  either  o^^theT^rwSSi 
in  the  mints  or  by  private  assayers.  states. 

"  To  ascertain  tiie  bnllion  yield  of  Nevada  the  ^  assessor's  j^^  *>^  ^' 
method '  may  also  be  employed.  According  to  a  law  of  this 
State,  made  in  1864,  a  yearly  tax  is  levied  on  the  mines  of  ^^.J^^^eth^*^ 
about  1  i>eT  cent,  of  the  amount  of  their  net  proceeds,  and 
as  a  check,  statements  of  the  gross  proceeds  must  be  made 
quarterly.  Mr.  Del  Mar  is  convinced  that  with  one  or  two 
trifling  exceptions,  such  as  the  omission  of  the  quarterly 
declaration  on  the  part  of  small  mining  enterprises,  and  con- 
cerning the  reworking  of  ores,  the  estimates  of  the  bullion 
yield  of  Nevada  gained  in  this  way  may  be  regarded  as  ac- 
curate. 

^^  Mr.  Del  Mar  made  use  of  a  new  and  iudependept  method   senator  Jonee 

metbod. 

of  valuation  suggested  to  him  by  Senator  Jones,  president 
of  the  Silver  Commission.  Mr.  Jones  has  large  mining  in- 
terests in  Nevada,  and  is  well  acquainted  with  the  state  of 
aflEaJrs  there.  This  method  consists  in  extractiug  from  the 
bullion  books  of  the  various  mining  companies  their  output. 
There  are  certain  difficulties  connected  with  this  method : 
the  number  of  small  mining  enterprises  is  large;  the  fiscal 
year  of  the  various  companies  differs ;  and,  finally,  in  early 
days  the  gold  and  silver  yield  was  not  entered  separately 
upon  the  bullion  books  of  many  of  the  companies.  It  was 
possible  to  overcome  these  difficulties,  however,  though  not 
without  much  labor.  It  is  said,  to  the  credit  of  the  mining 
companies,  that  the  desired  information  was  always  given 
with  great  readiness,  and  the  tax-lists  of  Nevada  were  of 
service  in  supplementing  and  verifying  the  reports. 

"  On  account  of  the  insufficiency  of  time  and  assistance,  iimi2SS"oftte 
these  detailed  and  statistically  comprehensive  investigations  ^^'^  ^^ 
could  not  be  extended  to  any  extent  beyond  the  limits  of  tion. 
Nevada  up  to  the  date  of  publication.    That  State,  how- 
ever, furnishes  the  preponderating  part  of  the  entire  prod- 
uct.   For  the  present  only  the  returns  for  the  years  1871-^7& 
have  been  given.    The  necessary  material  for  the  reports  of 
the  preceding  years,  1861-^70,  has  already  been  extracted 
from  the  bullion  books,  but  not  yet  worked  up.    This  will, 
however,  be  done  subsequently. 
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oP^the'^uStSl     "The  results  of  Mr.  Del  Mar's  investigations  are  as  fol- 

States.  lows: 


Beonlt  of  Bel 
]lAr*8  inveeUga- 
tion. 


Gold  and  tilver 
product  of  the 
United  states. 


1871-1872. 


1873-1874. 


1875-1870. 


uni. 

187S. 

Distilota. 

Gold 
product. 

SOver 
product. 

Gold 
product. 

saver 
product. 

ComBtock  liode 

H077,427 
1,485,007 

$6,230,687 
7,880,764 

16^810,035 
9,142,730 

Ml  612. 949 

Other  mines  in  Nevada 

9,953,634 

Whole  of  NoTada 

6,562,434 

14,111,851 
4.000,000 

8,462,765 

10,560,577 

BemnJndffr  of  the  United  Statee 

2,000,000 

18^111,851 

18,606,577 

1878. 

1874. 

ComBtock  T^e 

Other  mincB  in  Nevada 

10,408,766 
2,678,460 

11,037,020 
8,0M.440 

12,670,825 
1,650,202 

11,881.000 
8,521,882 

Whole  of  Nevada 

13, 172, 226 

18^131,400 
6,000,000 

14,230,027 

15,402,382 

Bemalnder  of  the  United  States  . . . 

10,000,000 

, 

Total  silver  nrodnct 

25,131,460 

25,402,382 

1875. 

1876. 

ComBtock  Lode 

Other  mines  in  Nevada 

11,738,878 
2,260,618 

14,402,850 
6,717.636 

18»002,006 
1,837,798 

90,670,078 
7,469.752 

Whole  of  Nevada 

Kemainder  of  thn  United  States  ■ . . 

18,006,401 

21.200,086 
0,  OOU,  000 

10,840,704 

28.032,830 
10. 151. 520 

Total  sflver  product 

80.200,086 

38,184,350 

of^^u^&l"?     "  ■'■^^  silver  prodnct  in  the  United  States  (with  the  excep- 
ceptfaigNevada):tion  of  Kevada)  is  given  for  1876  as  follows: 

Utah 13,351,580 

Colorado 3,000,000 

California 1,800,000 

Arizona 500,000 

Montana 800,000 

Idaho 300,000 

Now  Mexico 400,000 

Total,  about 10,151,520 

Eeawm  forgiv.     "  The  bnlUon  yield  in  the  United  States  is  of  snch  impor- 

Ing  a  vaxletj  of 

sutementB  and  tanco  that  it  has  been  considered  best  to  give  in  detail  the 

aathoritiea.  ^ 

principal  estimates  and  valuations,  however  much  they  may 
differ  £rom  one  another.  From  this  material  any  one  who 
takes  an  interest  in  the  matter  can  form  his  own  opinion  on 
the  sabject. 
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BBCAPITULATION. 


1 

•s 

Gold  product. 

Sayer  produot. 

Pwlodi. 

Total. 

Yeariy 
average. 

Value. 

totaL 

Yearly 
average. 

Valne. 

1801-'20... 

17 
10 
10 
10 
6 
5 

1 

5 

KUat, 

00 

1,100 

8,600 

176,000 

444^000 

885^600 

838,500 

880.000 

297,500 

8.6 
110 
850 
17,600 
8K,8U0 
77,100 
66.700 
70,000 
69,600 

JTorfa. 

9,800 

806,900 

2,871,500 

49,104,000 

247,762,000 

216,109.000 

186,098,000 

212,040,000 

166,006^000 

KUo$. 

■  *  «         ■  •  ■  • 

41,500 

81,000 

870,000 

1,505,000 

2,824,000 

KUo». 

JTorte. 

ISSl-'SO... 
l«81-'40-.. 
1841-'60... 
1861-'55... 
18S6-'60  .. 
lMl-'65... 
ia66-'70... 
l«71-'75... 

"'"8,800 

0,200 

174,000 

801,000 

664,800 

•  •BBS         mm- 

"i,  494, 000 

1,U6,000 

31,820,000 

54,180,000 

101,664,000 

BanionpTodnct 
ot  the  njnited 
States. 


Dr.   Soetbeer's 
oonolnsions. 


TOTAL  YIBLD. 


18a-*60... 

80 
25 

186,600 
1,840,600 



517,884,000 
5,134,99^000 

5.271,600 

048. 870. 000 

1851-*75  .. 

im-'TS  .. 

65 

2,026^100 

6,662,819,600 

^^The  above  table  gives  in  German  money  and  metrical 
wdglit,  ttie  estimates  which  we  ourselves  consider  the  most 
aoenrate." 


JAMES  D.  HAGUE, 
Additional  Commissioner, 


STEAM  AND  GAS  ENGINES. 


ANDREW  J.  SWEENEY. 
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CLASS  54.— MACHINES  AND  APPARATUS  IN  GENERAL. 


Staam-engines,  boilen,  steam-geneiaton,  and  apparatus  pertaining  thereto. 
Apparatus  for  condensiug  steam. 

Machines  set  in  motion  by  the  eyaporation  of  ether,  chloroform,  ammonia,  or  by  a 
combination  of  gases. 
Machines  set  in  motion  by  gas,  hot  air,  and  compressed  air. 
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REPORT 

ON 

STEAM  AND  GAS  ENGINES 


The  machinery  shown  at  the  Exposition  of  1878  did  not   vo  eni^es  of 
exhibit  many  valnable  improvements  or  new  features  in  exhibited.^^ 
that  department.     Indeed,  it  was  hardly  to  be  expected 
that  in  the  short  space  of  eighteen  months  after  the  closing 
of  the  Centennial  Exhibition  much  progress  could  have 
been  made.    The  writer,  deeming  it  an  iqjury  rather  than  a 
b^efit  to  camber  reports  and  public  documents  with  de- 
scriptions of  work  shown  at  previously  held  exhibitions,  and 
already  described,  determined,  as  far  as  possible,  to  report  ^j^^^^here*  rt 
only  upon  new  features  shown  for  the  first  time.    This  plan  ^^^  features 
did  not  lessen  the  labor  or  diminish  the  time  spent  in  ex- 
amining the  machinery  exhibits,  and  in  many  if  not  in  a 
majority  of  cases  the  time  and  labor  so  expended  failed  to 
reveal  anything  which  could  be  reported  upon  as  new. 
Great  difficulty  was  experienced  in  the  endeavor  to  procure  Dii&caity  inpb- 

-  tainiug     specifio 

descriptions,  drawings,  and  information  relating  to  ma- information, 
chinery  sought  to  be  examined.  Although  cards  were  pro- 
vided and  left  at  the  stands  of  exhibitors,  explaining  their 
object  and  requesting  reports  in  its  aid,  the  responses  were 
very  few  indeed,  and  frequent  calls  failed  to  secure  inter- 
views with  principals  or  with  x>ersons  in  charge  capable  of 
assisting  in  an  examination.  Had  the  Additional  Gommis- 
siooers  been  able  to  award  medals  or  prizes,  no  doubt  they 
would  have  been  as  fully  supplied  by  exhibitors  with  infor- 
mation as  were  the  members  of  the  International  Jury. 

Among  the  assignments  made  for  report  were  steam  and 
gas  engines  and  special  machinery.    Before  entering  upon  Report  on 

descriptions,  a  review  of  the  practice  followed  by  builders  «n^n«»: 
of  machinery  of  different  nations  in  general  styles,  details 
of  construction,  use  of  devices,  etc.,  may  be  valuable. 

FrOrVting,  Framm;; 

It  was  almost  universally  found  that  designers  had,  with 
more  or  less  fidelity,  followed  the  American,  or,  as  generally 
known,  the  Ck>rliss  patterns  for  beds,  carrying  in  small  en-    coriiaatype. 

3t)5 
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Btp^j»^ parts  gixiQ^  the  Cylinder  overhang  at  one  end  and  the  main  sLafb 
bearing  at  the  other.  In  some  cases  the  whole  rested  on 
pedestals,  one  of  which  wan  nnder  and  supported  the  cyl- 
inder. Whether  of  the  Corliss,  box,  or  other  type,  all  for 
horizontal  engines  were  plain,  usaally  with  rounded  comers 
and  without  paneling  or  molding.  The  columns  of  some  of 
the  vertical  steam-engines  were  fluted  and  ornamented.  In 
one  or  two  cases  one  large  column  carried  the  beam  and  the 

Framing.  entablature  extending  over  the  cylinder,  to  sustain  the 
usual  parallel  motions.  In  most  of  the  vertical  and  beam 
engines  exhibited  four  or  more  columns  are  used  to  carry 
the  gudgeon-bearings  and  light  framing. 

Crank  shafts  Crank  shafts  and  journah, 

and  JoamalH. 

Wrought-iron  shafts,  with  cranks  keyed  on,  were  used  for 
single-cylinder  engines,  one  journal  on  the  bed-plate,  the 
other  or  outer  bearing  in  a  separate  pillow-block.  In  twin 
and  in  double  cylinder  engines,  when  attachments  are  to  be 
made  outside  of  the  connecting-shaft,  bent  cranks  were 
used  in  the  smaller  sizes,  and  in  some  of  the  larger  class 
cranks  were  keyed  to  the  shafts,  and  the  crank-pin  waA  fixed 
in  one  crank  and  free  in  the  other;  but  the  majority  of  such 
engines  had  solid  double-throw  crank-shafts  of  the  marine 
type,  which  is  decidedly  the  best  practice. 

In  many  cases,  even  among  the  best  engines  at  the  Ex- 
position, the  journ  .Is  of  crank-shafts  were  too  small  in  di- 
ameter and  length ;  several  required  extra  attention  and 
care  to  keep  them  cool  and  prevent  cutting. 

Bearinps.  BeuHngs. 

In  most  of  the  engines,  perhaps  in  all  having  modem 
beds,  the  pillow-block  was  cast  to  the  frame.  A  few  bad 
Babbit  or  soft  metal  run  in  cast  iron,  but  by  far  the  greatest 
number  used  bniss  or  gun-metal  bearings.  These  were  ad- 
justable to  take  up  wear  in  various  ways.  Most  of  them  were 
MoJesof  ai\|ugt-  divided  in  two  horizontal  planes,  the  side  brasses  set  up  by 
wedges  on  each  side,  operated  by  screws  or  by  set  screws, 
the  caps  generally  bolted  dead,  and  having  lips  or  flanges 
well  fitted  over  the  outside  of  the  columns  of  the  pillow- 
blocks.  In  some  cases  the  wedges  were  only  placed  on  the 
side  farthest  from  the  cylinder,  so  that  the  wear  of  the  con- 
necting-rod and  bearing-brasses  could  be  taken  up  in  oppo- 
site directions.  There  were  instances  of  a  division  of  the 
bearing  into  two  equal  parts,  in  a  vertical  plane  in  some 
and  a  horizontal  plane  in  others.  Here  there  is  a^ustment 
in  but  one  direction.    The  practice  first  above  noted  is 
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clearly  the  best.    Outer  bearings  generally  bad  only  ver-  ^yj^^^j^P"^ 
tical  adjustments,  that  is,  the  brasses  were  divided  in  a  hori- 
zontal plane  through  the  center  of  the  shaft,  which  is  quite 
suflBcient.    Caps  were  held  down  by  four  bolts  in  all  the   ^^'^^k*- 
engines  exhibited,  except  in  the  French  Corliss  and  in  the 
small  English  engines. 

Oonnectirig-rods.  roda.^^*™*****'*''" 

The  beam-engines  were  fitted  generally  with  cast-iron 
connecting  rods  somewhat  ornamental  in  design.  For  hori- 
zontal engines  the  prevailing  style  was  wrought  iron,  gen- 
erally round,  occasionally  flattened.  A  few  firms  made  their 
rods  largest  in  diameter  at  the  crank  end.  Various  plans 
were  shown  of  inserting  the  crankpin  and  cross-head 
brasses,  but  nothing  that  was  new.  While  anumber  of  the 
exhibitors  used  the  form  of  marine-ended  connecting-rod — 
that  is,  rods  in  which  the  adjustment  for  wear  is  made  by 
bolts  placed  directly  in  the  line  of  pull — by  far  the  greatest 
number  used  open-ended  jaws,  the  brass  held  in  place  and 
the  wear  taken  up  by  a  taper  key  between  the  brasses  and 
a  gib.  In  some  cases  the  wear  was  taken  up  in  opposite 
directions,  so  as  not  to  alter  the  length  of  the  rckl,  and  the 
key  was  held  in  place  sometimes  by  double  nuts,  generally, 
however,  by  a  set  screw  through  the  side  of  the  block. 

Guides.  Oaidoa. 

Some  of  the  engines  exhibited  worked  the  cross  heads  on 
narrow  double-bar  slides,  insufficient  in  bearing  surface.  A 
number  had  cylindrical  l>earings,  that  is,  bored  in  the  bed, 
of  course  in  line  with  the  cylinder ;  and  the  constraint  of 
the  connecting-rod  was  regarded  as  sufficient  to  prevent  the 
piston-rod  irom  turning.  Others  had  Y-shaped  guides. 
The  best  in  practice  was  found  among  those  which  used  a 
flat  bearing,  somewhat  in  the  style  of  marine  engines,  wide 
and  large.  The  cross-heads  were  arranged  with  bearing 
pieces  suitable  to  the  form  of  guide  adopted,  and  the  wear 
taken  up  by  some  form  of  wedge  or  screws. 

Valves.  V..lvea. 

The  engines  in  the  Exposition  showed  a  considerable  va- 
riety in  the  form  of  steam-distribution  valves.  Although 
many  attempts  have  been  made  to  supersede  the  common 
slide-valve,  it  seems  still  to  retain  its  hold,  and  was  used  in 
various  forms  by  more  than  one-half  of  the  builders  repre- 
sented at  the  Exposition ;  double-beat  valves,  Corliss  valves, 
and  a  few  of  piston  form  were  used  by  the  remainder.    In 
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BxpansioD. 


Slide-vBlvM. 


*^«jtj»jMirtoall  cases  of  slide-valve  engines,  except  of  very  small  ones, 
some  arrangement  for  cnt-ofT,  by  the  use  of  an  additional 
slide,  was  adopted  ]  while  in  but  few  cases  did  the  plan  ob- 
tain of  dividing  the  valve  in  two  parts,  that  is,  placing  a 
vaivea.  valvo  at  cach  end  of  the  cylinder,  so  as  to  reduce  the  port 

contents,  or  distance  &om  the  under  face  of  the  valve  to  the 
cylinder,  the  advantage  of  which  arrangement  is  appar^t 
and  would  be  considerable. 

There  were  several  instances  in  which  an  additional  valve 
on  the  back  of  the  main  slide  had  some  form  of  trigger  re- 
lease for  working  expansion,  which,  controlled  by  a  governor, 
can  close  suddenly,  while  some  few  others  used  four  separate 
slides — two  for  admission  and  two  for  exhaust — placed  at  the 
ends  of  the  cylinder.  Some  of  the  compound  engines  had 
a  single  slide  for  both  cylinders.  There  were  some  examples 
of  receiving-valves,  double-beat,  above  the  cylinder,  with 
slide- valves  for  their  exhaust  placed  below  the  l^^linder. 

The  double-beat  valves  were  of  the  ordinary  form  and  do 
not  require  special  description.  The  almost  universal  prac- 
tice in  horizontal  engines  is  to  place  at  least  the  exhaust- 
valves  underneath  the  cylinder,  in  order  to  allow  a  ready 
escape  for  water,  the  receiving- valves  being  on  top  of  the 
cylinder  ^  but  there  were  examples  where  all  four  of  the 
valves  were  below  the  cylinder  or  were  arranged  on  its  side. 
In  engines  having  Corliss  valves  the  usual  arrangement 
was  maintained  of  placing  the  valves  above  and  below  the 
cylinder. 

In  Mr.  Wheelock's  engine,  elsewhere  described,  all  the 
valves  are  below  the  cylinder.  The  instances  of  the  use  of 
piston- valves  were  not  such  as  to  merit  notice. 

viave-gean.  Valvc-gears. 

Quite  a  large  variety  of  valve  movements  were  found,  the 
most  attractive  ones  designed  in  some  way  to  produce  a  per- 
Automatio  fectly  automatic,  variable  cut-off,  as  the  load  should  require. 
variable  rairoff.  j^^  ^^^^  j^  ^^^^^  ^y^^^  amoug  Continental  and  English  manu- 
facturers this  point  receives  more  attention  than  any  other 
feature  of  their  engines. 

Many  novel  methods  are  in  use,  but  all  those  using  piston 
or  double-beat  valves  employ  some  arrangement  for  tripper- 
gearing,  by  the  introduction  of  a  detent,  or  the  alteration  of 
the  position  of  a  wedge  or  incline.  In  some  cases  the  motion 
is  taken  from  the  pitman,  but  generally  from  an  eccentric 
on  the  main  shaft  or  on  a  lay  shaft  alongside,  the  governor 
controlling  the  position  of  the  device  for  determining  the 
point  of  cut-off. 
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Several  automatic  cut-off  arrangements  are  in  use  with  q/^*>;^^*'^ 
sllde-valve  engines,  but  the  larger  portion  of  them  have  some 
form  of  extra  slide-valve,  whose  position  is  determined  by 
right  and  left  screws,  the  screw-shaft  being  rotated  by  the 
governor.  Either  this  arrangement  or  something  its  me- 
chanical equivalent  covera  all,  excepting  those  where  the  Cut-offvaivea. 
well-known  Bider  gear  is  used  and  some  half-dozen  cases 
wbere  the  governor  rotated  an  eccentric  which  varied  the 
l)oint  of  cIosun\ 


The  Wheelock  steam  engine,  steam-engines. 

The  automatic  cut-off  engine  exhibited  by  Jerome  Whee-  ^  wheeiock 
lock,  of  Worcester,  Mass.,  attracted,  and  deservedly  re- 
ceived, marked  attention.  It  furnished  power  to  operate 
the  machinery  in  the  department  of  the  United  States  and 
in  tbe  sections  of  Sweden  and  Korway.  The  simplicity  and 
economy  of  this  engine  sind  its  excellent  performance  secured 
tor  it  the  award  of  a  grand  prize,  after  a  thorough  and  ex-  omnd  prize, 
haastive  examination  by  the  International  Jury. 

Tlie  peculiarities  of  this  engine  are  a  reduction  to  the  Detcripuon. 
simplest  expression  of  the  instantaneous  cut-off  valve,  which 
forms  the  chief  feature  in  the  modem  first-class  engine. 
Side  and  sectional  views  of  the  cylinder  are  shown.  Instead 
of  four  }K)rts  this  engine  has  but  two,  one  at  e^ch  end  of  the 
cvlinder,  directly  underneath  it.  There  is  at  each  end  of 
the  cylinder,  close  behind  the  port,  one  main  and  one  cut-off 
valve,  views  of  which  are  shown  in  Figs.  1  and  2.  Each 
main  valve  has  a  cavity  for  exhaust,  is  slightly  conical  in 
sbape,  and  is  carried  in  haKlened-^teel  bushes  on  hardened- 
steel  trunnions.    These  parts  are  shown  detached  in  Fig.  3. 

Behind  the  small  chest  in  which  each  main  valve  slides  is 
a  cut-off  valve  having  double  ports  to  provide  for  quick  ad- 
mission of  steam.  These  are  also  conical  and  carried  in  the 
same  way  that  the  main  valves  are.  The  steel  bush  is  so 
adjusted  that  the  valves  are  held  back  sufficiently  to  pre- 
vent contact  between  the  sliding  surfaces,  thus  transferring 
the  shght  wear  to  the  gudgeons  and  bushes,  which  would 
be  inconsiderable  in  very  long  service.  The  cut-off  valves 
are  released  by  the  action  of  the  governor,  and  are  closed  by 
weights  falling  in  dash-pots. 

Mr.  Wbeelock's  arrangement notonly  reduces  the  clearance     Beducth»  of 
to  a  minimum,  but  guards  against  a  trouble  found  in  four-  ^** 
port  cyhnders,  in  a  waste  of  steam  through  the  exhaust-port 
if  there  be  a  leakage  in  the  cut-off  valve. 
24  p  K ^VOL  4 
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'^  The  mecbanism  for  moving  the  valves  is  exceedingly  sim- 
ple and  effective,  easily  gotten  at,  and  not  liable  to  excessive 
wear. 

The  packing-rings  area  novelty,  being  self-adjusting  seg- 
mental lap  Joint  I'iugs,  making  an  eSeetive  andtigbtpistoo. 
This  was  demonstrated  on  several  occasioDs  by  removing 
the  cylinder-bead  and  operating  the  engine  vitb  tbe  cylin- 
der open. 

The  Wbeelock  engine  exhibits  careftil  study  of  detail,  jo- 
dicious  proiwrtiou,  and  sound  execution. 

The  dimensions  of  tbe  engine  exhibited  were  as  follows: 
Diameter  of  cylinder,  17  in,  j  length  of  stroke,  48  in. ;  diame- 
ter of  fly-wheel,  14  ft,;  width  of  face,  25  in.;  average  steam 
pressiiie,  fJO  lbs.;  revolutions  per  minute,  62;  estimated 
horse-power,  125. 

Whkelockb'  Exgue. 


Fig.  1  — Sectional  iHeto  of  cslindiir,  tkowiiig  uUnei. 


Fia,  3. — Side  einp  of  i-jHnder,  >io%nng  co/tvHjrar*. 
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TiQ.3.~Vaht»ef  meehck engine.    (DtUuAed.) 

PotceWs  eteam-a^gine,  rfT*"  ■'*'^ 

Messrs.  T.  &  T.  Powell,  of  Eouen,  exhibited  a  Woolf  eii- 
jline  (Plate  I),  having  a  variable  cut-off  controUed  by  the 
Kovemor.    Vertical  compound  engines  had  been  exhibited   wooif^yp*- 
by  this  firm  previously  to  the  year  1878,  but  only  with  the 
ordinarj-  lap- valve  cut-off. 

TUe  use  of  a  variable  cut-off  is  of  recent  date  with  tbeni,  ^^.^.g.  TariBbi« 
ami  is  on  the  Coirey  system,  and  the  following  is  a  descrip- 
tion of  the  mechanism  employed :  The  ordinary  arrange- 
iiient  of  valve-chests  for  Woolf  engines  is  retained ;  the 
steam  comes  direC,  from  the  boiler  into  the  jacket  surround- 
in-;  the  two  cylinders,  and  thence  to  the  vjilvc-cbest  of  the 
small  cylinder.  The  small  valve  o,  which  is  moved  by  a  DMcription. 
triangular  eccentric,  presents  two  parallel  flat  faces,  of 
which  the  inner  face,  which  slides  on  the  valve-face  of  the 
small  cylinder,  is  fonned  like  an  ordinary  valve.  Two  ree- 
tangnlar  ports  open  into  the  outer  face,  the  dimensions  of 
which  corresiwnd  to  the  sectional  area  of  steam-port  nn- 
(Dvereil  by  the  inner  face.  Two  expansion-slides,  b  b,  work 
on  the  back  of  the  valve,  and  are  fixed  in  two  rods,  cc, 
<'ach  of  which  passes  through  a  stuffing-box. 

The  diameter  of  the  slide-rmls  is  calculated  so  that  the  ModeoiMiioii 
[utiKsure  of  the  steam  on  the  upper  extremity  of  each  rod, 
[>lng  the  weight  of  the  rod,  may  be  greater  than  the  fric- 
tional  resistance  of  the  slides  and  of  the  packing  in  the 
shifting  boxes ;  by  this  means  the  slide-rods,  with  the  slides, 
fall  as  soon  as  they  are  set  at  liberty,  and  the  employment 
"f  springs  or  counter-weights  for  enforcing  their  descent  is 
f-'iidored  unnecessary.  Each  slide-rod  is  formed  with  a 
small  piston  below  the  stuffing-box,  which  plays  in  an  air- 
cylinder,  ee,  and  when  the  rod  falls  suddenly  tlie  air  is 
compressed  under  the  pistons,  and  shocks  are  obviated. 
The  valve-rods  cc  are  moved  by  two  eccentrics,//,  con- 
necter! to  two  cylindrical  rods,  g  g,  which  work  in  guides 
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exi^biL^"  *****"  fixed  upon  the  column  and  move  witLin  two  wrougbt-iron 

pieces,  hh^  which  carry  the  triggor, and  aix)  cottered  to  the 
lower  ends  of  the  slide  rods.  The  ui)per  end  of  each  of  the 
rods  (jfj  iH  for  a  short  length  reiluccd  in  the  lathe,  being 
chucked  eccentrically,  so  as  to  form  a  crescent-shaped  sbonl- 
<ler,  J,  at  one  side  of  the  rod.  (Sec  Figs.  5  and  7  in  plate,) 
Dojjciipticm.  This  purt  is  of  hardened  steel.  The  other  piece,  ♦,  of 
hardened  steel  engages  in  the  square  opening  of  the  pieces 
h  hj  an<l  can  be  displaced  horizontally  by  an  amount  equal 
to  the  shouldering  on  the  rods  gg  on  being  acted  upon  by 
the  crank  nnd  .'irticnlated  lever  A:  (Fig.  5).  The  piece  i 
is  traversed  by  the  upper  end  of  the  rod  g,  and  the  open- 
ing through  it  is  of  a  circular  form,  so  that  it  applies  ex- 
actly to  a  semi-circumference  of  the  rod,  with  which  it  is 
nuiintained  in  contact  by  a  spring,  L  When  one  of  the 
eccentrics  is  at  the  bottom  of  its  stroke  the  slide-rod  in 
coinicction  with  it  rests  on  an  india-rubber  washer  at  the 
bottom  of  the  air-cylinder.  The  port  is  closed  by  the  slide, 
and  the  shoulder  j  of  the  rod  g  has  then  fallen  about 
one-eighth  of  an  inch,  so  as  to  i)ermit  the  piece  i  to  settle 
itself  properly  upon  the  shoulder  of  the  rod,  being  pushed 
lliereto  by  the  spring  (as  shown  in  Fig.  5,  Plate  I). 

When  the  raov^ement  is  commenced,  the  eccentric  pushes 
the  shoulder  of  the  rod  against  the  piece  i,  the  slide  is 
raised,  the  port  is  uncovered,  and  the  crank-lever  k  is 
raised ;  at  the  same  time  it  carries  a  steel  piece  terminated 
by  a  knife-edge,  m.  At  any  given  point  of  the  stroke  the 
knife-edge  m  may  be  brought  into  contact  with  one  of  the 
castii'on  cams  n  (Fig.  2),  and  the  eccentric  continuing  its 
movement,  the  lower  end  of  the  lever  fc  will  describe  on 
its  i)ivot  a  small  arc  of  a  circle  and  will  push  the  piece  i 
off  the  shoulder  of  the  rod  against  the  action  of  the  spring. 
The  slide  and  its  rod  are  thus  set  free,  and  by  the  pressure 
of  the  steam  it  is  suddenly  pushed  downward  and  the  port 
is  dosed.  The  position  of  the  cam  n  is  determined  by  the 
action  of  the  governor,  and  the  knife-edge  tn  comes  in  con- 
tact with  the  cam  n  earlier  or  later  to  free  the  expansion- 
slide. 


coUmann's  CoUmann^s  variable  exhaust  steam-engine. 

Hteam-engiDC. 

An  engine  exhibited  by  A.  Collmann,  of  Vienna,  Austria, 
showed  an  ingenious  arrangement  of  valve-gear,  differing 
from  the  usual  system  of  catches  and  pawls  adopted  by  the 
imitators  of  Corliss.  The  vulves  for  the  admission  of  steam 
are  caused  to  operate  by  means  of  the  combination  of  two 
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Fig.  5. — CoUmapn*9  warialle  nchaKst  gteam-enffine,    (Ihmmerse  Bection) 

Bteam^eniSc'^*"^^^^^''''^'  ^^^  ^^  whioh,  takeii  from  the  main  shaft  through 

miter-wheels,  is  constant,  while  the  other,  taken  from  a  gov- 
ernor, is  variable.  Referring  to  the  cut,  Fig.  4,  a  constant 
motion  is  communicated  through  a  lever,  a,  to  the  lower 
end  of  a  toggle,  &,  the  other  end  of  which  attaches  to  and 
operates  the  valve-stem  e. 
DoBcription.  The  Variable  motion  from  the  governor  controls  the  dura- 
tion of  admission  of  steam  into  the  cylinder,  being  com- 
municated to  the  toggle  by  a  rod,  <?,  one  end  of  which 
attaches  to  the  toggle  and  the  other  to  a  slide,  c,  carried 
on  an  arm,/,  worked  by  the  i)0sitive  motion,  the  x>osition 
of  which  slide  on  the  arm  is  regnlated  by  the  action  of  the 
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governor,  through  the  rod  g^  the  arm  /t,  and  the  rod  <i  |jtoiuu-cn"'in&" ' 
and  the  resultant  motiou  gives  a  determined  movement, 
which  raises  and  lowers  the  steam- valve  for  all  degrees  of 
cut-off.  The  valve  is  never  allowed  to  drop,  but  is  quickly 
raised  and  quickly  lowered.  The  exhaust-valve  may  be 
operated  in  any  convenient  manner. 


Winterthur  (Stciss)  candmsing  steam-engine. 


WiBterthuroon* 
densing  «t«jim- 
engine. 


DcflcriptioD. 


A  horizontal  condensing  engine  (Plate  2)  exhibited  by  the 
Swiss  Locomotive  and  Engine  Works  ot*  Winterthur  pre- 
sented an  appearance  of  excellent  workmanship,  which  en- 
titled it  to  rank  among  the  best  exhibits  of  steam-engines. 

The  framing  or  bed-plate  is  Y-shaped,  the  cylinder  being 
attached  to  the  single  arm,  the  others  each  caiTying  a  shaft- 
bearing,  the  whole  resting  on  two  x)edestals,  one  under  the 
cylinder,  the  other  transversely  under  the  shaft-bearings. 
The  cross-head  bearings  are  large  and  (jyliudrical,  being 
bored  out  true  with  the  cylinder.  The  ]>istonri)d  is  pro- 
longed through  the  cylinder-head,  the  end  carried  on  a  flat 
slide,  and  also  connecting  to  a  double  bell-crank  lever, 
which  drives  the  air-pumps,  which,  with  the  condenser,  are 
placed  below  the  toj)  of  the  foundation  on  which  the  bed- 
plate i)edestals  rest.  The  crank  is  formed  of  two  cast-iron 
disks,  with  counter- weights,  connected  together  by  a  heavy 
wrist-pin.  The  peculiar  feature  of  this  engine  is  its  receiv-  vaive-gear 
ing- valve  gear,  the  movement  for  which  is  obtained  from  a 
pin,  a,  fixed  to  the  connecting-rod  near  its  center,  and  caus- 
ing the  lower  end  of  a  vertical  lever,  by  to  travel  in  an  oval 
curve ;  the  upper  end  of  the  vertical  rod  attaches  to  a  par- 
allel motion,  the  stationary  points  of  which  are  carried  by 
a  plate,  c,  susceptible  of  partial  rotation  by  the  governor. 
When  the  governor  is  at  its  lowest  point  the  plate  and  the 
stationary  point  of  the  parallel-motion  levers  lie  in  an  ob- 
lique plane  to  the  oscillation  of  the  vertical  lever,  and  con- 
sequently a  point  below  the  fulcrum  of  said  vertical  lever 
travels  longitudinally  a  desired  distance,  due  to  the  angle 
of  the  plate.  As  the  governor- balls  rise,  the  plate  is  rotated 
to  a  horizontal  plane ;  the  fulcrum  of  the  vertical  rod  receives 
a  nearly  vertical  motion  only,  as  does  also  the  point  below 
the  fulcrum.  To  this  i)oint  is  attached  a  horizontal  rod  com- 
municating its  motion  to  the  valve-lifters,  so  that  when  the 
plate  la  in  its  horizontal  position  the  lift  of  the  valves  is 
slight,  and  consequent  an  early  closure  obtains;  but  with 
the  plate  in  its  oblique  position  a  larger  lateral  movement 


Automatic 
variable  cnt-oft 
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dSSSn^^rtwuS".^  given  to  the  horizontal  rod,  an  increased  lift  of  valve, 
BDgino.  and  consequeotly  later  closure.    The  valves  are  double-l>eat 

flat-surface  bearings,  held  down  by  springs  which  compel 
the  valve  to  maintain  equal  descent  with  the  lifter,  and  so 
prevent  shock  in  seating.  The  exhaust-valves  are  similar; 
placed  beneath  the  cylinder,  and  operated  by  an  ordinary 
eccentric  on  the  shaft.  The  cylinder  is  steam-jacketed,  and 
the  work  throughout  is  well  and  neatly  done. 

Beer's  wiBdiDg  ^^'*  Winding  engine. 

•■**^  In  the  Belgian  section  was  exhibited  a  winding  engine, 

by  M.  Beer,  a  well-finished  piece  of  machinery  and  specially 
adapted  to  the  purpose  for  which  it  was  designed.  It  con- 
sisted of  two  cylinders,  21"  in  diameter,  48"  stroke,  resting 
on  separate  box-section  bed-plates,  extending  under  the 
plummer-block  and  coupled  at  right  angles  to  one  shaft ;  on 
the  center  of  the  shaft  is  a  brake- wheel,  on  each  side  of  which 
is  a  rope-drum.  In  this  engine  expansion  is  used  in  a  mod- 
erate degree,  controlled  by  a  goveruor,  and  yet  the  engine 
is  at  all  times  easily  handled. 
diUoMofa^d-  ^^^  followiug  cxtracts  contain  four  propositions  which 
ing  engine.        M.  Beer  holds  to  be  essential  and  necessary  in  a  winding 

engine: 

**  (1. )  The  valve  gear  must  be  saoh  that,  in  ordinary  work,  the  engine 
shall  rnn  properly  with  that  ratio  of  expansion  which  is  most  conven- 
ient, no  matter  what  the  pressure  of  steam  and  the  variation  in  resist- 
ance. 

**(2.)  The  cut-off  must  be  suppressed  automatically  whenever  it  is 
necessary  to  handle  the  engine,  no  matter  what  may  be  the  cages  in 
the  pits ;  that  is  to  say,  if  the  cages  have  to  be  moved  through  moderate 
distances  up  or  down  when  in  the  pit,  the  cut-off  valve  must  at  such 
times  throw  itself  out  of  action. 

^'(3.)  The  ODgine  must  work  without  expansion  when  men  are  being 
raised  or  lowered  in  the  pit. 

"(4.)  The  cut-off  valve,  which  only  operates  when  the  engine  is 
workiug  regularly  in  winding  coal,  must  be  simple  and  efficient. '' 

Expansion  ap-  Thcse  objccts  are  secured  in  this  engine  by  the  use  of  a 
?y  govenwr'*  hcavy  and  powerful  governor,  operating  a  pair  of  expansion- 
slides  on  the  back  of  the  main  valve,  which  are  caused  to 
approach  to  or  recede  from  each  other  by  a  spindle  having 
a  right  and  left  thread,  and  operated  through  rack  and  pin- 
ion gear  directly  by  the  governor. 

Mode  of  work-  Jq  hoisting  a  loa^,  until  the  engine  attains  nearly  itiS 
maximum  speed,  the  cut-ofi'  valves  are  not  brought  into  play ; 
but  when  the  determined  speed  is  reached,  the  governor 
takes  the  control,  and,  by  revolving  the  spindle,  establishes 
the  desired  cutoff  action,  which  is  so  maintained  during  the 
remainder  of  the  lift  by  proportioning  the  admission  of  steam 
to  the  load,  keeping  the  ascent  of  the  cage  at  a  fixed  velocity. 
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The  depth  of  pit  for  which  this  engine  is  designed  is  1,638  ,^^'*  winding 
ft. ;  the  time  of  ascent,  60  seconds ;  number  of  revolutions 
of  engine  48.7  per  minute.  A  flat  cable  is  used,  winding 
upon  itself  between  disks;  the  radius  of  the  smallest  coil  is  it^^J!^?iJjJ  °* 
32'^3,  and  of  the  largest  97'',  making  a  compensation  for  the 
weight  of  the  cable.  In  hoisting  men,  necessarily  at  a  low 
rate  of  si)eed,  the  governor  and  expansion  gear  do  not 
come  into  play,  the  entire  control  being  in  the  hands  of  the 
operator.  .  The  engine  is  fitted  with  a  stationary  link-motion 
for  reversing,  which  is  done  by  steam  in  an  auxiliary  cylin- 
der. A  small  steam-cylinder  is  also  used  for  applying  the 
brakes  to  the  brake-wheel,  the  brake-blocks  being  carried 
on  wrought-iron  inclined  levers,  coupled  together  by  long 
links.  The  working  pressure  of  steam  used  is  60  lbs.  to  the 
square  inch. 


Sulzer  Bros\  compound  condensing  steam-engine.  Suizer Bros',  con- 

denBlng     steam- 
engine. 

The  compound  condensing  engine  of  Sulzer  Bros.,  Win- 
terthur,  Switzerland,  attracted  much  attention.  Its  cylin- 
ders are  ir'.SI  and  22",11  in  diameter,  respectively,  and 
35".43  stroke,  the  framing  of  the  Corliss  tyi>e. 

The  cylinders  are  placed  one  behind  the  other,  each  rest-    Description. 
ing  on  its  own  foot-bracket  and  connected  together  by  a  dis- 
tance-piece. 

The  piston-rod  extends  through  and  runa  in  a  guide  be- 
yond the  large  cylinder,  driving  by  a  link  a  pair  of  pump- 
levers  which  work  an  air  and  feed  pump,  the  former  double- 
acting.    The  condenser  is  a  horizontal  cylindrical  vessel. 

The  valves  are  double-beat,  fitted  with  springs  and  dash-    vaiv«a. 
pots,  the  receiving  placed  above  and  the  exhaust  below  the 
cylinders. 

The  novel  featui'e  of  this  engine  is  its  valve  gear.    A  long    vaivo-goar 
shaft  parallel  to  the  axis  of  the  cylinder,  driven  by  miter- 
wheels  from  the  main  shaft,  drives  the  governor  and  carries 

'  Governor 

four  eccentrics  for  operating  tue  valves  of  both  cylinders,  cutoff. 
each  eccentric  moving  one  exhaust  and  one  receiving  valve. 
The  exhaust- valve  is  workeil  (see  accompanying  cut,  Fig.  6) 
by  a  rod,  <lriven  by  a  pin  in  the  eccentric-rod,  which  is  itself 
supported  by  a  gudgeon  in  a  rocking  arm.  As  the  eccentric 
revolves  the  end  of  its  rod  will  describe  a  peculiar  closed 
curve,  while  the  gudgeon  will  move  in  an  arc;  but  the  gud- 
geon is  prolonged  at  the  other  side  of  the  eccentric-rod  and 
carries  a  rod  the  upper  end  of  which  is  jointed  to  an  arm 
undex  which  is  the  lever  which  lifts  the  steam- valve.    As 
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"-  the  eccentric  revolves  tlie  lower  end  of  the  rising  rod  moves 
in  an  arc,  while  the  upper  end  rises  an<l  falls  also  in  an  arc. 
ComtDunication  is  effected  between  the  arms  by  a  detent, 
which  is  a  bellcranli  bung  loosely  on  a  pin  in  the  urni  where 
tbe  rising  rod  is  attached.  The  rod  to  the  left  hand  is  con- 
trolled by  the  go\'eruor  througli  a  system  of  bell  cranks. 


Fio.  6. — SuUrr  Bras',  compouitd  coiidrnaing  ttpant-engine. 


BemiKDii       HenaannLachapelle'ii  horizontal  compound  condensing 

LschapeUe't  coo-  . 

din-iing    ntuin-  steam-engtne. 

J.  Herman  U'Lacbapolle,  of  Paris,  France,  exhibited  a  hori- 
zonbil  compound  condensing  engine  (Fig.  7), 

DeKription.  ^^  '°  *•!•'  l>cam-engine  of  the  Woolf  system,  the  two  rylin 
ders  lire  put  togel  her  under  one  cover  to  prepare  for  tliecir 
culation  of  steam,  and  tlie  two  pistons  work  together  in  the 
same  way,    A  single  slide-valve  in  a  cliest  placed  below  the 

v»1t«  cylinders  governs  the  distribution  of  steam  for  both  cylin 

ders,  and  the  water  condensed  in  the  cylinder  is  thus  al 
lowed  to  flow  away  with  the  escape  of  steam,  and  so  avoid 
jars  frequently  occurring  from  the  presence  of  water  in  the 
cylinders }  and  but  one  eccentric,  one  eccentric-rod.  and  one 
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valverod  are  required.    The  slide-valve  is  balanced  aud  a  j^j^^  h*™ 
CQt-off  varies  the  admission  of  steam  into  tlie  small  cylinder  ''^"fj"^    •' 
from  a,  minimuui  to  eiglit-tentbs  of  its  stroke,  while  in  the 
large  cylinder  steam  is  uniformly  nllon'cd  for  eight-tenths  of 


Its  stroke.  The  two  inston-rods  are  attached  to  one  cross- 
bead  carried  ou  slides,  aud  >»  forked  connecting-rod  transmits 
tlie  Kum  of  the  effect  of  lioth  pistons  to  the  crank. 

Tlie  shaft  is  larger  than  ordinary  rules  require,  and  turns 
in  large  pillow-blocks  lined  with  brouze. 
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Lacha  ?ife?^'     ^  simple  and  efficient  (governor  is  employed.    The  air 
ie^g    steam,  and  feed  pumps  are  in  tbe  same  line  as  the  cylinders  at  the 

other  end  from  the  shaft,  and  their  plungers  are  on  the  pro- 
longation of  the  two  steam  piston-rods,  an  arrangement 
avoiding  the  necessity  for  a  beam,  crank,  or  other  device  to 
transmit  movement  to  the  pumps.  A  box  bed-firame  of 
Corliss  design  gives  good  finish  and  appearance  to  these 
engines. 


mg 


Brotherhood  Brothcrliood  engine. 

Btoam-engino. 

A  new  form  of  Brotherhood  engine  was  exhibited  by 

Fiaud&cohen- Messrs.  Flaud  &  Coheudet,  of  Paris — a  vertical  comi>ound 

Compound  en-  engine  with  two  single-acting  cylinders,  one,  the  high  prcss- 

^®*  ure,  being  surrounded  by  an  annular  low-pressure  cylinder. 

The  steam  distribution  is  effected  by  one  oscillating  cylin- 
drical valve  worked  by  a  single  eccentric  on  the  shaft,  the 
steam  working  only  u[K)u  the  top  sides  of  the  piston. 

The  degree  of  expansion  obtained  is  due  (o  the  amount  of 
lap  in  the  valve. 
Mode  of  T9ork.  The  large  cylinder  working  full  stroke,  the  steam  is  ex- 
hausted directly  from  the  small  cylinder  under  the  valve  into 
the  large  cylinder.  Tbe  cranks  are  opposite  each  other  in 
the  same  plane  and  lie  directly  under  the  cylinders.  The 
shaft  passes  through  the  base  and  is  surrounded  by  the  ex- 
haust steam  working  through  stuffing-boxes  and  glands  at 
each  outer  end. 

The  inner  side  of  the  annular  piston-head  is  made  some- 
what longer  than  the  desired  stroke,  and  a  spring-ring  is 
placed  in  a  groove  cut  in  the  cylinder.  The  ring  remains 
stationary,  and  the  head  travels  over  it,  thus  allowing  the 
spring  of  the  ring  to  be  outward,  in  place  of  the  reverse, 
which  would  occur  were  it  placed  in  the  piston-head.  The 
connecting-rods  are  used  only  in  compression,  and  have  their 
oscillating  bearing  in  the  i)iston-head  itself. 
Tlxis  engine  is  also  used  with  a  condenser. 
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—  F/nud  •!■  Cofinidct's  "brotierhood"  vtrlicet  eompound  iteam-nglne 
tical  loHyiliidinal  srrlion.) 


Fig.  9.-~Flaud  .f  Cohendcl'i  '■  hrolbei ItooiV  ii-rlkat ix::: pound  alfam-ngitu.    ( Ver- 
tical tr 
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"-  Bernays's  twin-cylinder  engiite. 

In  the  Eoglish  department  Mr.  Joseph  Bemays,  of  Lon- 
don, exhibited  n  twiii-cylimler  engine  (Fiff,  10),  in  which  the 
crank  is  rotated  by  tlie  intervention  of  a  triangular  cou- 
nectingroil,  an  arrangement  not  new  and  long  since  api>ar- 
entlj  abandoned,  but  which  this  exhibitor  makes  practicable 
by  an  ingenious  arrangement  of  eccentric  and  valve  gear. 


Fifi.  \0.—Bema^^«  tain-Bgli«der  tttam-eujlne. 

Tlie  two  upright  double-acting  cylinders  are  placed  with 
sufficient  space  between  them  to  receive  t)ie  crank-shaft. 
The  pistons  are  connected  to  one  crank  by  means  of  a  tri- 
angular connecting-rod,  wbich  causes  them  to  move  as  if 
connected  to  two  cranks  at  right  angles  to  each  other. 
u-  The  steam  distribution  in  the  two  cylinders  is  governed 
by  one  ordinary  eccentric  and  its  connections  iu  a  manner 
analagous  to  that  by  which  the  main  crank  governs  the 
motion  of  the  two  pistons. 

Two  eyes  are  provided  on  the  eccentric-ring,  carrying  rods 
or  levers,  through  which  the  valves  are  acted  upon.  The 
position  of,  and  distance  between,  these  e.\es  i)enr  the  same 
relation  to  the  throw  of  the  eccentric  as  the  ineasnreiueuts 
of  the  main  connecting-rod  bear  to  the  throw  of  the  crank, 
reproducing  on  a  smaller  scale  the  triangular  connection 
between  the  crank  and  the  two  piston-rods  in  the  eccentric 
and  valve-rods,  and  tlie  steam  is  correctly  distributed.  The 
eccentric  is  loose  in  the  shaft  and  is  thrown  to  the  right  or 
left  for  the  purpose  of  reversing  the  engine.    The  positioo 
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of  the  craDk-shaft  io  relation  to  the  cylinders  may  be  varied  ^  .^™^ 
in  height  to  suit  any  required  purpose. 

Id  this  engine  there  is  no  dead  point,  for  the  reason  that 
both  pistoua  can  never  be  at  the  ends  of  their  respective 
strokes  at  the  same  time,  since  they  resich  their  limit  of 
movement  wlien  the  crank-pin  passes  a  itoint  in  Hue  closest 
lu  the  pin  of  the  triangle  to  which  either  engine-pistou 
iittuches. 


BaHSome'M  tree-felling  engine.  

fulliUB  Mglpe. 

RiiiiKomes,  or  Ipswich,  England,  showed  an  application  of 
sfeanipower     to     felling 
ti-ees  (Fig.  11). 

A  small  steam-cylinder, 
with   comparati^'e1y  long 
stroke,  mounted  on  a  light 
'.Trouglit-iroii     frame,     is 
pivoted  .on  its  center;  a 
movement    around     tliis 
l)ivot  is  controlled  liy  a 
worm- wheel    and    screw- 
gearing    into    a  circular  |^ 
rack.     A    saw  is  rigidly  E    ik8cri,rtiun. 
fixed  to   the  cross-head,                                                       z 
the  teeth  of  tlie  saw  ar-                                                       ^ 
ranged  to  cut  only  tlur-                                                       | 
ing  its  in-sti-oke,  tliat  is,                                                       -^ 
the  teeth  are  hooked  on  I 
one  side  and  have  a  long                                                       J 
beveloH  the  opposite  one;  | 
the  saw  makes  u  draw  cut                                                       3 
during  its  iiassage  toward                                                       3 
the   cylinder,    which   en- 
ables  a  brace  between  the 
cylinder-frame    and     the 
tree  to  resist  in  compres- 
sion alone  the  force  of  the 
cat.    The  stenui  distribu- 
tion  is   effected   directly 
from  the  cross-head,  and 
so  arranged   us  to  take 
full  steam   for  the  in  or 

cutting  stroke  of  the  saw,  and  but  one-tenth  the  amount  for 
the  return  or  idle  stroke. 
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feuSg^engin?^  ^^^  Convenient  form  of  boiler  may  be  used,  and  connec- 
tion made  between  the  engine  and  boiler  through  a  long 
flexible  steam-pipe,  which  allows  great  range  in  position  of 
the  engine  relatively  to  the  boiler,  while  the  boiler  main- 
tains any  given  position. 

The  engine  and  frame  are  very  light  and  easily  trans- 
ported by  two  men  from  place  to  i)lace. 

Hathoni,DaviB     Hathom,  Davis,  &  Davey,  of  Leeds,  mauufactuers  of  dif- 

Cu  ^^&VO  T  • 

Appleby  Bros,  ferential  compound  pumping  engines,  Appleby  Bros.,  of 
London,  makers  of  hoisting  engines  and  machines,  and  John 

j:  &  tt^'ifeLi  Fowler  &  Co.,  of  London,  and  John  &  Henry  McLaren,  of 
Hunslet,  both  firms  builders  of  traction  engines  and  ma- 
chinery, exhibited  valuable  machinery  but  no  special  im- 
provements on  previous  products  such  as  come  within  the 
scope  of  this  report,  nothing  having  been  shown  that  has 
not  already  been  noticed  in  reports  made  to  the  govern- 
ment concerning  former  international  exhibitions. 


ran. 


Gas^engine,.  GAS  ENGINES. 

Some  half  dozen  gas-epgines  were  exhibited,  and  the 
oriogaa^ngine.  most  notable  features  of  novelty  were  found  in  the  "Otto 
silent  gas-engine."     In  it,  by  an  entirely  new  idea,  the 
proportionate  amount  of  air  is  increased  for  volume  of  gas 
used,  and  a  consequently  less  sudden  and  abrupt  explosion 
is  secured.    As  it  has  generally  been  found  that  the  most 
serious  objection  to  such  engines  is  a  too  sudden  explosion, 
any  method  of  correcting  it  is  certaiidy  worthy  of  notice. 
Description.     Tlic  Otto  engine  is  horizontal,  and  resembles  greatly  an 
ordinary  horizontal  steam-engine,  but  the  cylinder  is  en- 
tirely open  at  the  front  end,  while  across  the  other  end 
moves  a  slide-valve  regulating  the  admission  of  air  and  gas. 
Mode  of  work-  This  valvc  is  drivcu  by  a  small  crank  connection  off  the  end 
'"^'  of  a  shaft  lying  alongside  of  the  bed-plate  of  the  engine 

and  at  right  angles  to  the  main  shaft.  This  "laj*'' shaft 
receives  its  revolution  from  the  main  engine-shafb  through 
a  pair  of  bevel-gears  of  ratio  2 : 1,  the  main  shaft  making 
two  revolutions  to  one  of  the  lay  shaft.  When  the  piston 
is  ready  to  start  from  the  back  end  of  its  stroke,  the  slide- 
valve  is  in  position  admitting  air  and  gas,  the  air  in  much 
larger  proportion  than  ordinarily  emi)loyed  (that  is,  the  gas 
largely  diluted) ;  this  admission  continues  for  a  portion  of 
the  piston  passage,  when  it  is  discoTitinued  by  the  action  of 
the  slide-valve.  The  acquired  momentum  of  the  fly-wheel 
and  moving  parts  carries  the  piston  over  its  dead  point,  and 
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causes  it  to  return  to  the  back  end  of  its  stroke,  so  com-  ottogw  wigiiin 
pressing  tbe  air  and  gas  first  admitted  into  about  one-third 
the  space  originally  occupied  at  the  time  of  its  admission ; 
at  this  point  the  continued  movement  of  the  valve  admits 
the  spark  and  the  explosion  of  the  admixture  occurs, 
driving  the  piston  to  the  front  end  of  the  cylinder;  the  fly- 
wheel momentum  returns  the  piston  to  the  back  end,  ex- 
pelling the  burnt  gases  through  a  separate  exhaust- valve, .  Mode  of  work- 
also  driven  from  the  lay  shaft;  and  the  piston,  having  again 
reached  the  back  end,  receives  another  charge  of  the  com- 
bustible. From  this  it  will  be  understood  that  the  explo- 
sion occurs  only  for  every  fouith  stroke  of  the  piston.  The 
motion  for  the  other  three  strokes  is  caused  entirely  by  the 
stored-up  momentum.  A  governor  is,  however,  attached 
and  the  engine  gives  very  regular  speed.  The  consumption 
of  ordinary  coal  gas  is  reported  to  be  20  cubic  feet  per 
horse-power  per  hour. 

The  Bisschof  vertical  gas-engine  is  constituted  to  fill  ^^^^^^^  *^ 
Continental  demand  for  light  powers,  driving  lathes  in 
houses,  and  other  small  requirements.  So  low  a  power  is 
made  as  one  man-power,  equal  to  about  ^^  of  a  horse-power. 
In  this  engine  the  explosion  occurs  in  the  latter  half  of  the 
cylinder.  The  earlier  movement  of  the  piston  draws  in  the 
air  and  gas,  regulated  by  an  eccentric  on  the  shaft;  it  is 
then  exploded  by  a  jet  kept  constantly  burning,  and  pro-  Mode  of  work- 
pels  the  head  to  the  extremity  of  its  upward  stroke.  During  "^^' 
the  downward  passage  of  the  piston  the  exhaust  is  made, 
and  the  explosion  again  repeated  on  the  upstroke.  Ko 
water  is  used  to  cool  the  cylinder,  which  is  entirely  done  by 
radiating  ribs  cast  to  the  cylinder,  and  said  to  answer  all 
requirements.  The  crank- shaft  is  placed  on  one  side  of  the 
center  line,  so  that,  when  the  force  of  the  explosion  occurs, 
the  angularity  of  the  connecting-rod  is  very  slight,  but 
consequently  excessive  during  the  downward  passage  of 
the  cross-head. 


APPABATUS    FOB    THE    INSTANTANEOUS    GENEBATION  OF      Instantaneoiu 

ateam  Mtparatas. 
STEAM. 

In  these  apparatus  liquid  fuel  (i)etroleum,  naphtha,  etc.), 
in  the  raw  state,  is  changed  into  motive  force,  with  a  special 
application  to  produce  high  temperatures. 

Busanlx's  steam  apparatus,  shown  in  Plate  3,  works  by         Dauuiz's 
an  instantaneous  production  of  steam  in  motor  cylinders.  *^^*"  "** 
This  vaporization  is  obtained  by  the  combustion  of  nuneral 
26  p  B ^VOL  4 
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SeoM^'^StSm  ^^' injected  in  the  liquid  state  under  the  pistons,  when  these 

apparatus.         last  have  goue  through  about  two-fifths  of  their  ascending 

course,  drawing  by  suction  a  certain  quantity  of  air  which 

comes  to  saturate  this  first  fraction  of  the  capacity  of  the 

Mode  of  work- cylinders.    At  the  moment  of  the  injection  of  these  oils  in 

^'  a  certain  state  of  division,  a  spark  proceeding  from  a  Buhm- 

korff  coil  inflames  the  mixture  in  the  interior,  at  the  same 

time  that  a  quantity  of  water  fixed  and  covering  the  piston, 

^ection  of  which  is  in  the  open  air,  is  thus  injected  in  a  like  state  of 

and  water.  '  division  iuto  the  midst  of  the  inflamed  gases.  The  distribu- 
tion of  this  water  is  effected  in  a  constant  manner,  regulated 
by  a  tap  at  the  suiface  of  the  moving  pistons,  which  form 
basins  to  receive  it;  it  traverses  previously  a  circuit  in  con- 
tact with  the  gases  of  escapement,  so  as  to  raise  its  temper- 
ature as  nearly  as  possible  to  KHP.  The  little  apparatus  of 
injection,  screwed  on  the  piston  which  it  traverses,  is  fed 
at  each  stroke  with  a  fixed  quantity  of  this  water,  in  order 
to  throw  it  into  the  fire-grate  at  the  opportune  time. 

veiopSu""*^^  The  mean  pressure  developed  under  the  influence  of  this 
double  phenomenon  is  from  eight  to  ten  kilograms  per  square 
centimeter.  It  acts  then  upon  the  internal  surface  of  the 
piston,  which  it  pushes  with  energy,  while  slacking  itself. 
Exhaust.  Thls  mixture  of  steam  and  i;as  escapes  afterward  into  the 
atmosphere  when  the  piston  arrives  at  the  end  of  its  course. 

ftiei  eSSoyei **'  ^^^  quantity  of  raw  mineral  oil  thus  employed  is  from  one 
to  one-half  liters  per  hour  to  produce  one  horse- power ;  the 
Water  evapo-  volumcof  watcr  cvaporatcd  in  the  same  time  is  from  ten  to 
fourteen  liters.  The  same  apparatus,  while  performing  the 
function  of  a  ventilator  or  blowing  cylinder,  can  be  advan- 
tageously utilized  to  produce  high  temperatures;  it  sufiices 
to  modify  the  distribution  of  oil,  which  is  injected  in  excess 
under  the  pistons,  by  diminishing  so  much  the  quantity 
of  water;  the  weak  portion  of  the  injected  oils,  which  is  in- 
flamed, produces  the  gaseous  state  of  the  whole,  with  a  tem- 
I>erature  of  I8O0  to  200o  in  the  escapement  This  escapc- 
Sabseqaeninaement,  instead  of  being  made  into  the  atmosphere  as  above, 

^jdeated  escape  ^j^yerses  a  powcrful  pipe,  which  pours  it  into  a  reverbera- 

tory  furnace  or  muffle,  into  which  its  combustion  is  efiected. 
The  air  sent  by  the  ventilator,  set  in  motion  by  the  appa- 
ratus, goes  along  in  a  bundle  of  capillary  tubes,  of  a  certain 

mingled     withi^^S^i^j  i^  coutact  with  thcsc  cscapemcut  gases,  without 

th?^^tor!^™  mingling  with  them ;  the  mixture  takes  place  at  the  orifice 
of  the  issue  of  the  pipe.  This  arrangement  has  the  effect 
of  bringing  the  air  to  the  same  temperature  as  the  gases 
before  mixing  it  with  them.    In  the  exhibited  apparatus  the 
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mixture  is  thus  evacuated  fSrom  150  to  180  cubic  meters  by  pa»nix'»iiMtMi- 

*'  taneouB      steam 

the  hour,  with  an  expenditure  of  three  to  four  liters  of  petro-  »pi»nttiis. 
leum  passing  through  the  cylinders,  and  two  to  three  liters 
of  heavy  oil  of  gas  tar  distributed  along  the  pii>e  and  car- 
ried along  by  the  evacuated  gases.  This  complete  combus- 
tion leaves  no  residue,  and  produces  an  excessively  high 
temi)erature,  with  a  Ught  pressure,  allowing  it  to  be  man- 
aged in  the  whole  circuit  without  escape-chimney. 

ANDREW  J.  SWEENET, 

Additional  Oammiasianer. 
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WILLIAM  T.  PORTER. 


38B-W0 


REPORT 


ON 


MACHINES,  APPARATUS,  AND  MACHINE  TOOLS. 


The  Exposition  at  Paris — following  so  closely  npon  tliose^J^^^^^a^ 
of  1873  at  Vienna  and  of  1876  at  Philadelphiar— left  little  Bxpoaiffin* 
time  for  improvement  or  even  changes  of  form;  and  one 
looked  almost  in  vain  through  the  vast  display  of  machinery 
to  find  anything  which  had  not  already  been  fully  reported 
upon  by  commissioners  at  a  previous  exhibition  or  shown  in 
Philadelphia  in  1876. 

The  American  show  of  machinery  was  limited  when  com-    tim  Amerioaa 
pared  with  those  of  France  and  Great  Britain,  the  two  great  ^ 
exhibitors,  but  it  attracted  as  much  attention  as  any  other 
machinery  section,  and  certainly  contained  as  much  that 
waa  new.    The  short  interval  since  the  Centennial  Exhibi- 
tion, the  distance  of  that  in  Paris,  and  the  very  brief  time   iteqaautyand 
for  preparation  of  exhibits  to  the  latter,  all  tended  to  make 
onr  Exhibition  limited  as  to  quantity,  though  its  quality 
was  admittedly  excellent. 

In  point  of  workmanship  the  British  exhibitors  were  in        EzoeUenoe 
advance  of  all  others,  judging  altogether  from  outside  ap-  ^aaS^^  ^^* 
pearances,  as  no  opportunity  was  offered  to  make  any  other 
examination.   All  their  details  seemed  to  be  carefully  worked 
out,  and  one  could  see  all  around  him,  in  their  section,  what 
it  was  difficult  to  find  anywhere  else— that  the  makers  of  the 
machinery  were  thoroughly  well  acquainted  with  the  uses 
of  the  fundamental  tool  of  the  machine-shop  of  to-day — 
the  planing  machine.    In  their  work  we  almost  invariably   Eztenaive  use 
found  that  clean-cut,  sharp,  and  flat  finish  which  is  a  sure  machine. 
indication  to  a  workman  that  the  parts  have  been  separately 
finished,  and  then  brought  together,  making  the  grand  whole, 
without  being  fitted  each  piece  to  its  neighbors  in  the  proc- 
ess of  erection.    They  undoubtedly  made  the  finest  show  of  ^^^J^jJ^j^^^**' 
machinery  in  the  Exposition,  and,  as  might  be  expected,  only 
second  in  its  extent  and  range  of  classes.    Very  nearly  the 
whole  of  it,  however,  has  been  exhibited  and  reported  upon 
before. 

Many  claims  for  improvements  on  different  well-known 
and  valuable  machines  were  made;  but,  upon  inspection, 
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tbey  proved  only  how  slight  a  chanp^e  might  be  made  into  a 
matter  of  great  importance  by  the  stretching  of  an  elastic 
imagination.     In  the  United  States  section  a  model  was 

^^]m4ke'»  ore-  shown  of  Blakc's  ore  and  stone  crusher,  probably  placed 

there  that  it  might  be  compared  with  the  so-called  improve- 
ments  on  that  machine.  If  this  was  the  purpose,  it  was  a 
wise  one,  and  might  be  followed  by  othiTS  with  good  results 
in  future ;  for  by  comparing  this  model  of  the  original  ma- 
chine with  the  claimed  improvements  an  impartial  man 
As  ^2™^<^  would  certainly  discover  that  the  only  change  from  the  orig- 

improTemento.    inal,  which  was  uot  really  a  detrimental  one,  was  the  mere 

substitution  of  a  thin,  light,  crushing  plate  for  breaking  soft 
stone,  in  place  of  using  the  heavy,  strong  plate,  or  rather 
jaw,  capable  of  crushing  the  hardest  and  strongest  rocks, 
which  is  usually  placed  in  the  machine.  The  Blake  ma- 
chine is  so  exceedingly  simple  and  so  effective,  that  it  seems 
almost  ridiculous  to  follow  that  particular  direction  any  fur- 
ther with  the  hope  of  making  improvements. 

d*^^'^^       Paper- trorA:i7i<7  and  printing  mdchinery  and  apparattis. 

chines. 

Kientsy  Bros.      Kieutsy  Bros.,  of  Paris,  had  on  exhibition  a  very  good 

lot  of  specimens  of  their  manufacture  of  paper  machinery. 

Engine-tab  of  among  whlch  the  only  notable  thing  was  an  engine- tub  made, 

®®™*"  and  beautifully  made,  of  pebbles  and  hydraulic  cement  (con- 

crete), in  the  use  of  which  the  French  possess  wonderful  skill. 
^^owSSier     ^'  i'huillier,  of  Vienne,  {Is^e),  showed  a  Fourdrinier  ma- 

maohine.  chine  in  operation,  apparently  a  creditable  piece  of  work, 

but  although  a  descriptive  catalogue  was  promised,  it  has 
never  been  received.  The  machine  had  the  appearance  of 
great  strength,  each  part  driven  by  separate  cone-pulleys 
for  changing  and  regulating  the  speeds.  The  cutter  was 
novel,  but  evidently  lacked  one  great  requisite — speed.  The 
PH»erHmUer.  paper  is  cut  by  a  straight  blade,  moved  by  a  cam  motion  at 
each  end,  and  raised  by  counterpoise  weights  after  the  pas- 
sage of  the  cams  and  the  making  of  the  cut.  The  paper  is 
fed  up  at  each  stroke  by  a  crank  motion  moving  a  bar  run- 
ning across  the  machine,  the  length  of  the  paper  Deing  reg- 
ulated by  the  radius  of  the  crank-pins.  The  machine  is 
almost  noiseless,  because  it  is  free  ^m  shocks,  and  is  cer- 
tain in  the  length  of  its  sheets — two  great  recommendations. 
The  exhibit  of  printing  machinery  was  small  compand 
with  that  at  the  Centennial  Exhibition.    The  most  impor- 

y^MTbao^^n.  tant  exhibitor  was  the  house  of  Marinoni,  of  Paris,  cuai- 

n»«i^«-  prising  quite  a  number  of  different  forms,  among  wbicli 

were  three  continuous  presses,  for  which  they  claimed  6peci;il 
advantages— one  for  printing  newspapers  of  small  size  anil 


MACHINES  AND  MACHINE  TOOLS:   COMMISSIONER  PORTER.    393 

tbe  other  two  for  large-sized  papers.  They  were  said  to^|^^jj|^P"»^ 
count,  print,  cut,  arrange,  and  pass  off  the  papers  in  pack- 
ages of  one  hundred.  The  cutting  arrangement  is  covered 
by  a  patent  bearing  date  October,  1877 ;  and  for  the  count-  a^a  coSntto*^* 
ing  arrangement  the  claim  was  made  that  it  was  entirely 
new.  Unfortunately,  after  making  very  many  visits  for  the 
purpose,  the  writer  failed  to  see  any  of  these  machines  in 
successful  operation,  the  cause  of  failure  being,  in  his  opin- 
ion, due  to  the  impossibility  of  such  paper  as  they  were  try- 
ing to  use  being  passed  through  a  continuous  press,  and  not 
to  any  grave  faults  in  the  machines  themselves. 

In  the  British  section  an  Ingram  continuous  rotary  press  Ingram  con- 
was  every  day  in  successful  operation,  printing  copies  of  the  machUfef  " 
London  "Illustrated  News."    The  paper  from  the  roll  was^     "iua»tr»tod 

'^    "^  .       ,     ,      London  News." 

passed  through  a  pair  of  cylinders,  where  it  received  the 
imprint  of  the  letter-press  forms ;  it  then  passed  to  the  pic- 
ture cylinders,  where  the  illustrations  were  printed  on  the 
other  side  of  the  sheet ;  thence  to  the  cutter ;  and  finally  to 
the  folding  arrangement,  which  delivered  the  finished  copies 
at  the  rate  of  about  six  thousand  per  hour. 

Derriey-Dalloz,  of  Paris,  had  on  exhibition  a  continuous    Derdey-Daiios 
rotary  job  press,  in  which  it  w^as  intended  to  take  the  paper  tary  lob-preaa. 
from  the  roll  and  cut  it  the  required  length  and  width,  in 
passing  to  and  before  it  reached  the  printing  cylinders. 
With  this  machine  there  was  some  difficulty,  and  the  at- 
tempts made  to  run  it  were  all  failures. 

D.  Hutinet,  of  Paris,  had  at  work  a  machine  for  printing        d.  Hutmet 

.        .  1.1  1      .         •  1  •        1      •       •*    chromatio  print- 

business  and  other  cards  m  six  colors,  very  simple  in  itsingmaciune. 
construction  and  perfect  in  its  operation.  The  card  to  be 
printed  was  forced  against  the  plate  by  a  crank,  the  six 
plates  with  the  different  colors  being  carried  on  a  shaft, 
which  was  turned  one-sixth  of  a  revolution  at  each  revolu- 
tion of  the  crank-shaft  by  means  of  a  cam  motion,  and  the 
color-rollers  passed  over  the  plates  by  the  same  motion. 

J.  Jomaux,  of  Paris,  exhibited  the  type-composing  ma-  ingm^hSwof- 
chine  invented  by  Isidore  Delcambre ;  Charles  Kastenbein,    fecicambre, 

^  y  '     Kastenbein, 

of  Paris,  his  composing  and  distributing  machines ;  Patrick 
Adie,  of  London,  Eraser's  distributing  and  composing  ma-  Fnser. 
chines.  These  machines,  so  far  as  can  be  seen,  are  quite 
similar — the  type  being  arranged,  by  the  aid  of  the  distrib- 
uting machines,  in  tin  troaghs  or  fiat  tubes  for  the  compos- 
ing machines,  in  which  they  are  arranged  in  a  vertical  po- 
sition, and  the  type  distributed  by  means  of  a  key-board 
similar  to  that  of  a  piano.  They  claim  to  set  up  from  six 
to  ten  thousand  tyi>es  i)er  hour. 
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A.  Trouiiiet.  Qne  of  the  neatest  exhibits  of  light  machinery  was  that 
of  numbering  machines  by  Anguste  Troaillet,  of  Paris. 
These  machines  are  made  for  qoite  a  variety  of  purposes, 

Numborixigma-  the  larger  ones  chiefly  for  numbering  bank  notes,  railroad 
tickets,  and  election  tickets,  where  the  name  of  each  voter 
is  recorded  and  the  number  of  the  vote  stamped  upon  the 
ticket.  They  are  made  upon  the  same  priuciple  as  the  coud- 
ter  in  common  use  for  counting  the  revolutions  of  steam-en- 

DdBoription.  gincs  aud  Other  machinery,  are  very  compact,  and  of  fine 
workmanship.  To  the  first  cylinder  or  units  roller,  upon 
which  the  figures  are  engraved,  is  attached  a  ratchet-wheel 
of  10  teeth,  to  which  motion  is  given  by  a  click,  with  a  lever 
attachment.  Each  movement  of  the  lever  passes  a  tooth  of 
the  ratchet,  and  brings  forward  the  next  figure,  until  the  9 
is  reached,  when  a  pin  which  passes  through  this  ratchet  and 
roller  is  brought  in  contact  with  a  fixed  inclined  plane  at- 
tached to  the  frame.  In  passing  the  plane,  the  pin  is  forced 
inward  against  a  spiral  spring,  until  its  inner  point  is  passed 
into  one  of  ten  spaces  cut  in  the  side  of  the  second  or  tens 
roller,  when  it  is  carried  along  one  space  with  the  units,  and 
the  first  ten  is  numbered.  This  is  repeated  until  the  num- 
ber 99  is  reached,  when,  upon  the  pin  being  forced  in,  its 
inner  point  comes  in  contact  with  a  similar  pin  passiug 
through  the  tens  roller,  which,  in  its  turn,  is  forced,  through 
until  its  point  enters  one  of  ten  spaces  in  the  third  roller, 
when  it  also  is  moved  with  the  two  first  to  number  100.  The 
process  is  repeated  to  any  number  of  figures  required.  Ma- 
chines aie  constructed  to  number  notes  or  tickets  in  sheets 
^  of  any  size.    The  high  reputation  of  these  machines  is  un- 

doubtedly well  earned.    They  are  exquisitely  well  made. 


jUacliiiieB, 
ohine-tools. 


Machines,  machine  tools. 


One  of  the  largest  classes  was  that  of  machinist's  tools, 

in  the  French  section  alone  there  being  about  100  exhibitors. 

The  tools  generally  were  just  such  as  may  be  seen  in  any 

of  our  machine  shops. 

Qaick-retum     Quitc  a  Variety  of  "  quick-return  motions''  were  to  be  seen 

Sff  mSchto<S^*^  on  the  shaping  machines,  but  it  is  more  than  doubtful 

whether  any  of  them  is  as  good  as  that  made  by  Mr.  Whit- 
worth  on  the  original  machine. 
rianingma-  Of  planing  machines  a  large  number  were  on  exhibition, 
varying  in  size  from  the  smallest  hand  maclines  to  the 
. X??**i^l^'x^^*"'  large  power  machine  of  Messrs.  Varrali,  Elwell,  &  Middle- 
ton,  of  Pans,  which  was  capable  of  planmg  a  piece  from  8 
to  10  feet  square  and  25  to  30  feet  long;  very  English  in 
style  and  finish,  as  were  all  the  tools  exhibited  by  this  firm. 
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The  method  of  lubricating  the  slides  was  novel  and  good.  ^^^^^"^^""^ 
In  the  Vs  of  the  bed-piece,  at  a  distance  of  some  three  feet  ^^J^fttSl'""' 
apart,  pockets  were  made,  in  which  were  placed  rollers  of 
five  inches  diameter,  tamed  to  fit  the  sarface  of  the  Vs  on 
the  table. 

These  rollers  were  on  small  journals,  and  apparently 
held  up  by  springs  so  high  that  they  were  brought  in  con- 
tact with  the  Vs  of  the  table,  and  by  this  contact  made  to 
revolve  while  the  table  was  passing  over  them.  The  pockets  DeMriptton. 
were  filled  with  oil  as  far  up  as  the  center  of  the  rollers, 
which  in  their  revolution  carried  it  up  and  deposited  it  on 
the  Ys  of  the  table,  making  the  lubrication  perfect.  This 
planer  was  one  of  the  very  few  tools  on  exhibition  that  were 
put  in  motion. 

There  did  not  appear  to  be  nearly  so  much  attention  paid    i^s  to  the  con- 
to  what  might  be  termed  the  convenient  handling  of  the  of  So  maohiiJ 
machine  tools  as  with  us.    What  was  called  a  Sellers  planer  ^^ 
had  the  belts  placed  at  the  side  opposite  the  workman,  and 
the  pulley  or  first  driving  shaft  at  right  angles  to  the  bed, 
making  it  necessary  for  the  workman  in  cases  of  nice  ad- 
justments of  the  cutting  tools  to  climb  over  or  walk  around 
the  machine  to  reach  his  belts,  and  entirely  losing  sight  of 
tjie  object  Mr.  Sellers  had  in  view  while  designing  the  ma- 
chine, that  of  driving  it  in  a  position  parallel  with  the  line 
shaft. 

Lathes  were  shown  in  large  numbers,  differing  from  our   LuthM. 
own  only  in  the  almost  universal  use  of  gearing  with  heli- 
coidal  teeth,  very  carefully  made.    They  must  run  quietly, 
but  not  one  was  to  be  seen  in  motion. 

The  most  marked  difierence  between  the  machinery  in  the  aiSSh^S^? 
Exposition  and  American  machinery  was  the  use  in  the 
European  of  gearing  with  helicoidal  teeth  or  ^^  Hook's  gear- 
ing." It  was  to  be  seen  in  machinery  of  almost  every  de- 
scription, from  the  heaviest  to  the  lightest.  For  cutting 
this  gearing,  and  the  patterns  for  it,  M.  A.  G.  Piat,  of  A.c.Piat 
Paris,  exhibited  a  machine  which  was  stated  to  be  "not  tor    ,,,^*?^}»«|®' 

^  cuttingheUcoJaal 

sale,"  but  merely  an  addition  to  his  own  plant.    It  was  a  teeth  gearing. 

large  and  rather  complicated  affair,  the  novelty  consisting 

in  its  having  two  worm-wheels  on  the  spindle  carrying  the 

wheel  to  be  cut,  one  of  which  is  used  only  for  dividing,  the 

other  tor  revolving  the  work  while  the  teeth  are  being  cut. 

The  worm-shaft  of  the  first  or  dividing  wheel  is  attached  to 

the  second  or  feed  wheel,  so  that  both  the  dividing  and  the 

feed  wheels  move  together  with  the  spindle  while  the  feed 

is  in  gear  and  a  tooth  is  being  cut.    After  the  cut  is  made 

the  cutter  is  withdrawn,  the  feed  reversed,  and  all  tihe  parts 


396  UNIVERSAL   EXPOSITION   AT   PARIS,  1878. 

cutungh5Soidai^*"^^  ^^  ^^®  positions  occupied  when  the  cut  was  started; 

teeth  gearing,     the  change- wheel  on  the  worm-shaft  of  the  dividing- wheel 

is  broaght  back  into  gear  with  the  divluing-train ;  the 
division  is  then  made,  and  the  work  goes  on. 

son.^*^^"*^^  ^     Very  handsome   small  machine    tools  were  shown  by 

Messrs.  Bariqnand  &  Son,  of  Paris,  with  specimens  of  their 
work  in  parts  of  the  Ghassepdt  gun. 
H-CLncq.         H.  G.  LucQ,  of  Pout  sur-Sambrc,  had  a  class  of  tools 
made  for  the  use  of  blacksmiths,  locksmiths,  etc.,  consisting 
of  upright  drills,  to  be  driven  by  hand  or  power  or  both,  as 

jDjrm^pmiches,  might  be  desired ;  hand-punches,  hand-shears  for  cutting 
plates  and  round  or  square  iron.  They  were  all  light  and 
well  made,  the  drills  particularly  well  adapted  for  the  use 
of  small  country  or  city  shops,  where  nothing  but  haud- 
I)Ower  is  used. 

whit^?^''  Sir  Joseph  Whitworth  &  Co.,  and  Sharp,  Stewart,  &  Co., 
both  of  Manchester,  had  some  of  their  tools,  in  which, 
although  there  appeared  to  be  nothing  new,  there  were,  as 
there  usually  are,  very  fine  specimens  of  good  workmanship. 

^sh*rp.  Stewart'     Sharp,  Stcwart,  &  Co.  had  a  machine  to  be  driven  by 
Macbineforfac-  hand  or  belt  tor  facing  the  valve-seats  of  locomotives  or 

me  Tiuve-seats.  ^ 

Other  steam-engines  in  position,  with  various  other  tools  for 

repairing  locomotives. 

wwtworth  &     Whitworth  &  Co.  exhibited  a  hydraulic  machine  for  test- 

Hydraniioteet-ing  the  tcusilc  Strength  of  metals.    The  bar  to  be  tested 

-mac    e.       ^^  enlarged  and  screwed  at  each  end,  screwed  into  the 

machine,  and  the  force  applied  by  means  of  a  pump  oi)er- 

ated  by  hand,  the  strength  being  indicated  by  a  pressure 

gage,  and  its  ductility  by  the  difference  in  the  length  of 

the  test  piece  before  and  after  it  is  pulled  apart.    They  also 

showed  a  beautiful  self-acting  foot-lathe  with  steel-hardened 

spindle  in  steel-hardened  bushings  j  a  large  assortment  of 

piatesi»iSg^«^  screw-cutting  tools,  both  for  hand  and  machines,  in  which 

they  still  adhere  to  the  thread  with  round  top  and  bottom; 
two  pairs  of  surface  plates,  with  their  well-known  measnr 
ing  machine,  and  cylindrical  gages. 
jQ^  HaiL         Julius  Hall,  of  London,  had  a  drill  (partially  exposed)  for 

i&g«qaare  holes,  drilling,  or  morc  properly  milling,  a  square  hole  out  of  the 

solid,  in  wood  or  any  of  the  metals.  An  ordinary  band- 
drilling  machine  was  used.  The  cutting  end  and  the  sec- 
tion of  the  shank  of  the  drill  was  an  equilateral  triangle, 
the  side  of  which  was  equal  to  the  side  of  the  square  hole 
to  be  bored,  and  the  shank  made  of  sufficient  length  to 
allow  the  cutting  end  while  revolving  to  foUow  the  sides  of 
a  square  hole  of  the  same  size  as  the  hole  to  be  bored,  used 
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as  a  guide.    In  the  state  in  which  the  square-hole  drill  was 
exhibited  it  is  more  of  a  curiosity  than  a  useful  tool. 

Large  numbers  of  milling  machines  were  on  exhibition,      MflUng  ma- 
with  nothing  whatever  about  them  giving  the  slightest  claim 
to  novelty  or  to  auy  particular  notice. 

A  very  extensive  display  was  made  of  emery  wheels,  from  aafSiSieri**'* 
the  size  of  an  ordinary  grindstone,  3  or  3i  feet  in  diameter, 
down  to  ^  inch  in  diameter,  with  machines  especially  adapted 
for  their  use — for  sharpening  cutting  tools,  grinding  flat 
and  cylindrical  surfaces,  to  correct  the  inaccuracies  of  the 
lathe  and  planer,  and  others  proi)08ing  to  do  away  entirely 
with  steel-cutting  tools  and  finish  their  work  from  the 
rough.    The  best  machine  of  this  class  of  machine  tools  was 
tiiat  of  the  Brown  &  Sharpe  Manufacturing  Company,  <>^ sbaneSSmSJt 
Providence,  E.  L,  for  grinding  and  fimshing  flat  surfaces,  ^"I'JnK  company. 
well  adapted  for  grinding  steel  surfisbces,  hard  or  soft,  such 
as  the  faces  of  punches  and  dies,  straight  edges,  and  many 
small  tools  in  common  use.    None  of  these  tools  were  put 
in  operation,  so  that  there  was  but  little  to  guide  one  iu 
judging  of  their  merits,  except  his  own  experience. 

The  Brown  &  Sharpe  Company  made  a  very  handsome    .cuttero,  tooiB. 

nuea,  and  gagea. 

display  of  their  small  tools,  such  as  cutters  for  gear-wheels, 
taps,  reamers,  drills,  etc.,  with  steel  rules,  squares,  and 
gages  of  various  descriptions. 

Messrs.  Jackson  &  Bro.,  of  Bolton,  England,  exhibited   Jackaon^^Bro. 
Scott's  patent- wheel  molding  and  gear- cutting  machines, 
with  J.  C.  Scott's  patent  dividing  apparatus.    The  object    smu'b  wheel- 
is  to  keep  the  dividing- wheel  down  to  a  moderate  diameter,  cntung       ma- 
and  to  do  away  with  change-wheels.    Tiie  dividing  was 
done  in  the  usual  way  by  means  of  a  worm  and  worm-wheel.  nividingwheeL 
The  fractional  parts  of  a  revolution  of  the  worm-shaft  were 
rogalated  by  movable  steps  on  a  circular  disk,  through 
which  the  worm-shaft  passed.     A  latched  cr^nk-arm,  by 
means  of  which  the  worm-shafb  was  turned,  was  clipped  to 
the  shaft,  so  that  it  might  be  readily  slacked  up  and  re- 
tamed  to  its  original  position  after  the  fractional  part  of  a 
revolution  is  made.    Judging  from  the  number  of  exhibits 
of  gearing  made  without  patterns  to  be  seen  in  different 
parts  of  the  Exposition,  these  wheel-molding  machines 
must  be  very  generally  used. 

Messrs.  Aiken  &  Drummond,  of  Louisville,  Ky.,  had  on  Aiken  &Dnim- 
exhibition  a  hand  or  power  molding  machine  for  foundry  ^^iioiding  ma. 
use,  which  is  no  doubt  a  useful  tool,  although  its  capabili-  ^^^^ 
ties  could  not  be  properly  shown.    This  machine  was  in- 
tended to  mold  such  work  as  gas  and  water  pipe  fittings, 
cocks,  valves,  and  other  plumber's  goods,  axle-boxes,  sash- 
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mond.*"*^^™"'  ^^i^^*s?  sad-irons,  and  all  castings  of  such  character.    It  is 
Molding  ma-  gaid  by  thc  exhibitors  that  it  is  capable  of  turning  out  four 
times  as  much  work  as  can  be  done  by  one  man  on  a  hand- 
bench  ;  that  no  skiUed  labor  is  required,  as  the  machine  sets 
the  patterns,  draws  them,  and  rams  the  sand ;  that  it  being 
unnecessary  to  rap  the  patterns  or  sponge  the  molds,  the 
castings  produced  are  exact  duplicates  of  the  patterns. 
Very  handsome  exhibits  were  made  in  the  British  section 
KH.TweddeUby  R.  H.  TweddcU,  of  London,  and  the  Hydraulic  Engineer- 
ginMrins  ^Com-  iug  Company,  of  Chester,  of  hydraulic  machinery,  consisting 
pany.o     «9  'of  accumulators;  pumps  for  accumulators,  with  automatic 

arrangements  for  stopping  and  starting  them  by  the  accu- 
mulator: a  stationary  riveter  for  boiler  work;  portable  rivet- 
ers, with  their  cranes  and  connections,  for  riveting  girders 
Hydrauiio  or  bridge  work  in  i>o6ition,  etc.    The  power  was  transmitted 
"***    **^'        to  the  portable  riveters  through  coils  of  copper  pipe  in 

place  of  the  jointed  pipes  used  heretofore,  one  coil  leading 

from  the  mast  of  the  crane  to  the  carriage  on  the  jib,  and 

Bireting-  au  thcr  coil  from  the  carriage  down  to  the  riveter.    The 

™****^**'  coils  opened  or  closed  as  the  parts  were  moved  in  and  out 

or  up  and  down,  and,  having  no  moving  joints,  were  always 
tight  under  all  pressures. 

stone-dressing  Stone-dressing  machinea. 

machine. 

The  most  remarkable  labor-saving  machine  was  that  of 
Bnmton  Sc  Mcssrs.  Bruutou  &  Trier,  of  London,  for  dressing  stone  by 
means  of  revolving  cutters.    The  machine  exhibited  (Class 
50)  was  made  for  dressing  flat  surfaces  on  freestones  and 
limestones.     It  consisted  of  a  heavy  headstock,  A  (Figs. 
1  and  2),  supporting  the  shaft  which  carries  the  chuck  B, 
with  a  bed  and  table  similar  to  those  of  a  planer  for  hold- 
ing the  block  of  stone  and  feeding  it  across  the  face  of  the 
chuck.    There  are  twelve  cutters  in  B,  each  12  inches  in 
Descripuon.     diameter,  made  of  cast  iron,  with  chilled  cutting  edges ;  they 
incline  inwards,  and  cut  the  stone  with  their  inner  edges. 
The  track  described  by  the  cutting  edges  was  a  circle  6  feet 
Capacity  of  the  ui  diameter.    The  machine  could  therefore  dress  a  stone, 
msohine.  g^^^  5  f^^^  wide,  aud  of  any  length  the  bed  might  be  made 

to  carry.  The  new  feature  in  this  machine  lies  in  the  fact 
that  the  cutters,  in  place  of  rolling  over  the  surface  of  the 
stone  by  their  contact  alone,  are  forced,  by  means  of  gear- 
ing inside  the  chuck,  to  revolve  at  the  same  circumferential 
Planetary  vclocity  as  that  with  which  they  are  passing  over  the  stone 
OTittexs.  *  — about  2,600  feet  per  minute ;  while,  if  they  were  dependent 

ui)on  their  contact  with  the  stone  for  their  rotation,  a  very 
slow  motion  only  would  be  possible.    The  chuck  is  driven 
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by  a  belt  on  the  pulley  C,  and  the  relative  rotation  of  the  ^^B"|j;J^°i^^ 
cutters  controlled  by  a  belt  on  the  pulley  D.  The  stone '"« ■""='''"■ 
was  fed  across  the  foce  of  the  chuck  at  the  rate  of  &oin  3 
feet  6  inches  to  3  feet  Q  inches  i>er  minute.  "While  in  use 
the  chuck  is  kept  nearly  half  fidl  of  soap  and  water,  for 
lubricating  the  bearings  and  gearing  driving  the  cutters. 
The  machine  running  at  the  Exposition  was  dressing  brown- 


stone,  and  performed  its  duty  rapidly  and  well,  the  cutters   DMcnption. 
being  set  to  cut  in  three  steps ;  but  four  out  of  the  twelve 
were  fioisbing  the  face,  requiring  from  10  to  18  horsepower 
to  drive  it,  depending  of  coarse  mwn  the  speed  at  which 
the  chuck  was  driven. 

Machines  are  made  of  different  sizes  and  designs  to  suit 
vations  purposes.    That  shown  in  Figa,  3  and  i  is  so  ar- 
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utou&Tri.  i-ung^  as  to  cutwitli  tlit'oittcredgcs,  with  a  track  ISincfaes 

i»chio«.      wide,  and  baring  a  vertical  mljimtineDt  of  the  chnck  to 

cover  a  wider  surface  if  uecessary.     Some  of  the  work  of 

this  small  machine  in  granite  was  exhibited,  which  was  very 


^  of  well  done,  the  exhihitora  claiming  to  work  it  exi>editiousI,v 
and  cheaply,  using  steel  for  their  cotters  in  place  of  ll"' 
chilled-iron  ones  used  on  softer  stouea.  The  cutters  wliilc 
at  work  did  not  get  hot,  and  kept  their  edges  perfecUj'  well 
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Belting.  ^J^^e- 

Very  tine  speuimens  of  leather  belts  were  Bbown  in  differ- 
ent sections,  some  of  extrHordinaiy  widtli,  of  double  and 
triple  tliicknesses. 

The  immense  belt  of  J.  B.  Hojt  &  Co.,  of  New  York,  ex-     J.  b.  Hoyt  t 
bibited  in  the  United  States  section,  was  a  handsome  and 
well-uiade  piece  of  vork,  and,  to  say  the  least,  was  ODSur- 
passed  by  those  of  any  other  section.    Thomasset  &  Driot,  dtIo^""***  * 
of  Paris,  exhibited  belts  made  principally  of  hair,  said  to   n^btiu. 


be  more  elastic  and  to  possess  donUe  the  strengtli  of  leather. 
They  are  made  for  special  purposes,  and  would  certainly  be 
too  expensive  for  common  use. 

The  mode  of  driving  mills,  factories,  etc.,  by  means  of  nriTtog  b«iu 
gcariug  seems  now  to  be  in  a  fair  way  of  being  abandoned  Idk- 
iu  Knrope,  aud  that  adopted  iuthisconntrv  many  years  ago, 
of  driving  by  main  belts,  substituted  in  its  place.  The 
power  was  taken  from  many  of  the  large  stationary  nteam- 
engiues  rnuuing  in  the  Exposition  by  hempen  ropes  of  2 
inches  diameter,  the  fly-wheels  on  the  engines  and  the  pulleys 
rMeivjug  the  iKtirer  being  grooved  for  the  ropes.  Each  rope 
26  p  B VOL  4 
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rm^UBK!*""'* '^  **'*^  ***  ***  capable  of  delivering  23  horse-power  wheii 
movJDg  at  a  velocity  of  2,000  feet  per  Tninute.  The  use  of 
ropes  is  recooiineuded  because  they  are  cLeap  in  first  coat, 
because  they  are  light  and  durable,  mauy  of  them  haying 


been  iu  constant  use  for  ten  years  without  material  dete- 
rioration. 

In  conclusion,  I  liave  to  say  that  I  regret  being  unable  to 
get  more  out  of  this  great  collection  of  machinery  that 
would  be  practically  useful  to  our  niecUanics. 

WM.  T.  PORTER, 
Additional  Commimotur. 


( 


CLOCKS  AND  WATCHIS. 


EDWARD  H.  KNIGHT,  LL.  D. 
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REPORT 

ON 

CLOCKS   AND    WATCHES. 


There  were  nearly  six  hundred   exhibits  in  Glass  26  k mntiw  of  ex. 
(Morlogerie)^  more  than  four-fifths  of  them  being  contrib- 
uted by  France  and  Switzerland.     The  other  countries 

represented  were  England,  Austria,  Spain,  Denmark,  Bel-  conntriee  oora- 

gium,  Holland,  Sweden,  Italy,  Eussia,  and  the  United  States  ^ 

of  America.    France  and  Switzerland  presented  collective  ^.^..coiifiotiTo 

■^  exhibitB       from 

exhibits  of  their  watch  manufia«cture,  but  no  collective  ex- France  and  swit- 

zeriana. 

hibits  were  made  in  this  class  by  the  other  countries,  for  the 
simple  reason  that  the  number  of  entries  from  each  was  not 
sufficient  to  constitute  such  a  display.  The  United  States 
had  but  six  entries  in  the  class.    There  were  three  exhibits    United  states 

exiiiliitfl  * 

of  clocks,  the  Seth  Thomas  Clock  Company,  the  Ansonia      SctbTbomaa 
Clock  Company,  and  the  house  of  F.  Kjoeber  being  repre-    p^KH»bS^"^■ 
sented.    There  was  but  one  exhibit  of  watches— that  from 
the  factory  of  the  American  Watch  Company — and  its  American 

magnitude,  variety,  and  excellence  attracted  general  atten-    *  ^    <nnpany- 
tion.    Hagstoz  &  Thorpe  had  an  exhibit  of  watch  cases  of  ^     Hagstoa  & 
peculiar  construction,  and  E.  J.  Meybridge,  of  San  Francisco,        b.  j.  Moy. 
a  pneumatic  clock.    This  completes  the  list  of  American  ex-  ^^^ 
hibitors  in  Class  26.    The  six  exhibits  received  no  less  than 
six  awards. 
The  awards  to  American  exhibitors  were  as  follows :         „  .^  AY^'*** 

Umted  States  ex- 
QoU  medal.  ""*^ 

American  Watch  Company Waltham,  Mass. 

Silver  medal. 
Seth  Thomas  Clock  Company New  York,  N.  Y. 

Bronze  mediiU. 

Ansonia  Clock  Company Ansonia,  Conn. 

Charles  Vander  Woerd  (Collaborator),  of  the  American  Watch  Com- 
pany  Waltham,  Mass. 

Hagstoz  &  Thorpe Philadelphia,  Pa. 

Honorable  menthn. 
F.  Kroebor New  York,  N.  Y. 

Owing  to  the  difficulty  of  properly  demonstrating  the 
work  of  the  curious  and  minute  special  machinery,  by  the 

405 
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Comparison  of  attendance  of  skilled  and  accastomed  operatives  in  a  for- 
Watch      Com-  eiffn  country,  the  American  Watch  Company  did  not  repeat 

gany  8    exhibits      <=»  »/  ?  *       v  * 

I   Philadelphia  the  interesting  feature  of  its  Centennial  display  by  showing 

the  watch  in  process  of  manufacture,  but  restricted  itself  to 

an  exhibit  of  th%  finished  watch  in  many  forms  and  of  the 

Tarious  parts  ready  for  assembling. 

The  oxhibitBof     Naturally,  the  exhibits  of  France  and  Switzerland  were 

Franoo  and  Swit-  ,  ^         •         ^^  ^-i  j*  a.%^  a • 

zeriand  the  most  much  morc  cxteusive  than  those  of  the  same  countnesm 

extensive.  1870.  The  exhibit  of  France  was  noticeably  in  advance  of 
any  previous  display  of  that  country  in  horology.  The 
watchmakers  of  the  D^partement  du  Doulis  and  the  clock- 
makers  of  Paris  were  well  represented,  the  latter  winning 
the  admiration  of  the  jury  for  the  beauty  and  perfection  of 
PenduZtfdtfvoy- their  work.    Th^pendule  de  voifoge^  or  traveling  clock,  was 

^'  displayed  in  great  variety  by  many  exhibitors  and  there 

Tower  ciooka.  were  fine  specimens  of  heavy  clocks  for  church  towers  and 

similar  places,  and  of  clocks  that  would  operate  for  long 

periods  with  a  single  winding.    Clocks  to  run  a  month  were 

numerous,  and  there  were  several  that  would  run  a  year. 

Clocks  for  run- One  oxhibitor  presented  a  clock  that  needed  to  be  wound 

wSfioutwSoding!  but  oucc  in  fifty  years,  and  another  a  clock  with  a  compli- 
cation of  springs  that  was  guaranteed  to  keep  it  in  opera- 
tion for  a  thousand  years.  Owing  to  the  brevity  of  the  ex- 
hibition and  other  causes  the  jury  was  unable  to  make  a 
practical  test  of  the  correctness  of  the  claim  in  these  two 
cases.  There  were  clocks  propelled  by  water,  others  by 
Electric  clocks,  elcctricity  iu  scvcral  ways,  and  clocks  that  moved  orreries 
Orreries.         ^f  great  Comprehensiveness  and  elaborate  construction.    In 

oiocks.^*""^***^  *^®  Austrian  section  the  pneumatic  apparatus  designed  to 

operate  dozens,  hundreds,  or  even  thousands  of  clocks  in  all 
parts  of  a  large  city  was  exhibited,  and  an  arrangement 
that  somewhat  resembled  it  was  brought  to  the  American 
section  too  late  to  be  entered  for  competition.  In  the  French 
Metric  system  sectiou  there  was  a  clock  on  the  decimal  system ;  it  divided 
the  day  into  ten  hours,  begining  at  midnight,  and  this  hour 
was  then  divided  into  tenths.  The  tenths  of  hours  were 
divided  again,  and  then  there  was  another  division  of  tenths 
that  brought  the  measurement  of  time  down  to  a  fine  x)oint. 
The  clock  was  well  constructed  and  the  principle  on  which 
it  was  built  was  easy  of  comprehension ;  it  was  a  natural 
outgrowth  of  the  metric  system  of  weights  and  measures, 
but  did  not  meet  with  favor  in  the  eyes  of  the  jury. 

by  cities  imd  mud'     '^^^  Swiss  exhibit  was  arranged  according  to  citie8  and 

tons.  cantons,  so  that  the*  study  of  the  work  of  any  particular 

section  was  greatly  facilitated,  and  the  same  was  the  case  to 
a  less  extent  in  the  French  section.    The  manufacturers  of 
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watches  m  the  D6partement  du  Doubs  sent  nearly  two  hun-  p^J^'^^""*^'* 

(hed  separate  lots  for  making  up  their  collective  exhibit, 

bnt  many  of  the  lots  were  very  small  and  of  little  value. 

The  French  watches  were  not  conspicuous  for  their  excel-      character  of 

,  ...         .  .  J  j.i_  1    French   watehea 

lence,  either  in  movements  or  cases,  and  the  same  remark 
will  apply  to  some  of  the  Swiss  productions.  The  most 
creditable  watches  in  the  Swiss  section  were  from  Geneva,  and  swias. 
with  a  few  exceptions,  while  the  best  from  the  French  mak- 
ers were  from  Paris  rather  than  from  Besan9on.  Watches 
of  a  high  order  were  presented  by  Andemars,  Ekegren,  and 
otber  Geneva  makers,  and  watches  equally  good  by  Leroy, 
of  Paris.  Some  of  the  specimens  were  a  marked  advance 
over  anything  shown  at  previous  exhibitions,  but  on  the 
other  hand  there  were  many  exhibits,  more  than  a  majority, 
that  evinced  no  pro^jress  whatever.  The  endeavor  to  make  watchee  with 
a  watch  that  would  perform  many  functions  seems  to  have"""^  ^"** 
reached  its  limit  in  1878.  Watches  that  would  tell  the  days 
of  the  month  or  week  and  show  the  changes  of  the  moon  were 
in  abundance,  but  they  are  far  from  new,  as  the  principle  was 
adopted  many  years  ago  in  the  Dutch  clocks  that  are  to 
be  found  in  many  houses,  where  they  have  stood  half  a  cen- 
tury and  more.  There  were  watches  that  would  sound  Alarm  watohee. 
alarms  at  a  given  time,  not  only  by  the  old  system,  but  by 
the  discharge  of  a  pistol  or  letting  a  heavy  body  fall  to  the 
floor.    There  were  watches  that  would  show  the  difference      Comparative 

time  watches 

of  time  between  any  two  or  more  of  the  great  cities  of  the 
world,  and  there  was  one  watch  that  seemed  able  to  rival 
the  performance  of  Bowditch's  Navigator  in  working  prob- 
lems of  latitude  and  longitude.    There  was  a  watch  no  Minute  watches, 
larger  than  a  silver  dime  that  was  certified  to  be  an  excel- 
lent timekeeper,  and  struck  the  hours  and  half  hours  5  and 
there  was  another  watch  that  showed  how  energy  and  intel- 
ligence may  be  wasted.    The  entire  movement  was  of  rock    watch  of  rook 
crystal ;  the  maker  had  been  five  years  over  its  construe-  ^"^""^ 
tion,  and  admitted  that  it  was  not  a  good  time-piece  and  that 
he  never  expected  it  would  be.    In  the  Russian  section  there 
was  a  clock  which  had  occupied  its  maker  twenty  years  to    Musical  watch, 
construct ;  it  had  a  musical  attachment,  and  when  in  opera- 
tion it  set  in  motion  a  lot  of  dancing  figures  and  caused  buds 
and  flowers  to  open  and  close. 

The  single  exhibit  of  watches  in  the  American  section  at-    interest  in  the 
tracted  more  attention  than  any  other  display  in  horology,  t'SS^^^^^ 
partly  owing  to  its  extent,  but  mainly  to  the  fact  it  was  an 
exposition  of  the  product  of  machine  work.    In  France  and 
Switzerland  but  little  machinery  is  used,  and  the  few  ma- 
chines now  in  operation  are  either  of  American  manufacture 
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method ofSS^.  ^^  copies  of  the  inventions  of  Americans.    The  castom  of 
"**fin8-  those  countries  is  to  make  the  different  parts  of  a  watch  in 

almost  as  many  shops  as  there  are  pieces,  and  it  is  safe  to  say 
that  there  is  not  and  never  has  been  an  establishment  either 
in  England  or  on  the  Continent  where  the  whole  work  of 
making  a  watch  is  performed  under  one  roof.  Sometimes 
labOT^^mwf'*^^  plaees  of  manufacture  are  far  apart,  and  the  workmen 
houaes.  employed  on  one  kind  of  pieces  never  see  or  hear  of  those 

engaged  on  another.  A  man  who  calls  himself  a  manu- 
facturer buys  a  quantity  of  the  finished  pieces,  and  then 
groups  them  together  to  form  a  watch,  and  a  great  deal  of 
filing  and  polishing  is  necessary  to  make  the  different  part8 
fit  each  other.  Each  workman  must  have  his  profit,  how- 
ever small,  and  this  amounts  to  a  considerable  sum  when 
multiplied  by  the  number  of  persons  engaged  on  a  watch. 
Then  the  manufacturer's  profit  must  be  added,  and  alto- 
gether they  serve  to  bring  the  product  to  a  high  price  as 
compared  with  its  worth. 
Amerirau  ma.  In  the  machine  system,  established  by  the  American  Watch 
chine  Bystem.      Company,  the  parts  of  the  watch  are  all  made  by  machines 

in  the  factory  of  the  concern ;  from  the  crude  material  to 

the  finished  movement,  beating  time  by  regular  pulsations, 

Thewhoiework  the  wholc  Operation  is  concluded  within  the  compass  of  a 

systemAtized    in    , 

one     eetabiish-  Single  Set  of  brick  walls.    At  the  outset  the  purchase  of 

the  material  gives  room  for  a  considerable  saving,  as  the 
brass  and  other  metals  needed  for  a  dozen  watches  must  nec- 
essarily be  much  higher  in  proportion  than  the  same  arti- 
cles for  ten  thousand  watches.  Then,  if  the  ten  thousand 
can  be  constructed  on  the  same  model  and  with  no  varia- 
tion whatever  in  the  identical  parts,  the  cost  of  making  the 
Parte  made  to  various  picccs  ueccssary  to  the  formation  of  a  watch  will  be 

^^  considerably  reduced.  "  The  principle  adopted  by  the  Amer- 

ican Watch  Company  is  the  same  that  has  long  been  ap- 
The  American  plied  to  the  manufacture  of  fire-arms,  sewing  machines,  ag- 

flire-arms^sewinK-  ricultural  implements,  and  other  things  both  in  this  country 

machines,  &c  j  •      -n^  to.  i      -i  '^         •    •      •       a  •       • 

and  m  Europe.    It  had  its  origin  m  America  m  consequence 

of  the  high  price  of  labor,  which  compelled  manufacturers 

to  devise  some  mode  of  competing  successAilly  with  the 

Large  results  cheaper  labor  of  Europe.    Machines  that  with  the  assist- 
by  labor  of  one  ^  *^ 

one  man  on  a  auce  of  ouc  inau  could  do  the  work  of  five  or  ten  were  the 

machine. 

result,  and  the  labor  competition  was  achieved.  But  it  was 
found  that  the  machine  did  better  work  on  the  average  than 
the  skilled  workman,  or  rather  that  there  was  no  average 
about  it,  since  each  piece  that  the  machine  turned  out  was 
Aaaembiing.  exactly  like  every  other.  The  various  parts  for  a  thousand 
rifles  could  be  thrown  in  a  heap,  and,  on  picking  out  enough 


CLOCKS   AND   WATCHES:    COMMISSIONER   KNIGHT.  409 

to  form  a  single  rifle,  they  were  found  to  fit  perfectly,  a  re-  AMomMing. 
suit  ttiat  oonld  never  be  accomplished  under  the  old  system 
of  hand  labor.  This  was  an  unlooked<for  advantage ;  the 
inventors  of  the  machinery  had  thought  only  of  saving  la- 
bor, and  it  is  doubtful  if  a  single  one  of  them  in  the  early 
days  had  ever  considered  the  possibility  of  a  machine  that 
would  do  better  work  than  the  skilled  artisan. 

A  general  description  of  the  American  Watch  Com- ^^^J^lgl"'^^ 
pany's  works  at  Waltham,  Mass.,  and  an  account  of  theg^j^*^  <3«nip 
sequence  of  operations  in  detail,  maybe  found  in  the  report 
by  the  present  writer  as  Chairman  of  Group  XXII  on  the 
International  Jury  at  the  Centennial  Exhibition  at  Phila- 
delphia, 1876.    Pages  46  to  53,  Report  of  Group,XXII. 

When  it  was  proposed,  thirty  years  ago,  to  apply  this  sys-    Ki^t  attempt 
tern  to  the  manufacture  of  watchen,  the  scheme  was  received  SiS^^to  ^^t^ 
with  incredulity.    Machines  might  construct  the  parts  of  a"**^^ 
rifle  or  a  sewing  machine,  a  reaper  or  a  locomotive,  but  they 
could  never  perform  the  deliciite  operations  needed  for  the 
manufacture  of  a  watch.    How  could  a  machine  be  made  to 
turn  out  screws  so  small  that  a  microscope  is  necessary  to 
examine  them  distinctly,  and  wheels  of  such  dimensions  that 
the  variation  of  the  thousandth  of  an  inch  would  seriously 
affect  their  action!    Especially  incredulous  was  the  watch- 
making world  of  England  and  the  Continent,  and  the  fail- 
ure of  the  new  enterprise  was  confidently  predicted.    It 
began  in  1850  by  the  organization  of  the  "  Boston  Watch  ^^^  ^^^ 
Company,''  with  a  factory  at  Eoxbury  and  later  at  Waltham. 
The  incredulous  were  right,  and  the  enterprise  became  bank- 
rupt in  a  few  years.    The  watchmakers  of  Switzerland  had 
heard  of  the  enterprise  with  some  misgivings,  but  they  were 
not  seriously  alarmed,  and  when  the  crash  of  the  Boston 
Watch  Company  came  in  1857  it  was  nothing  more  than       FaUTir©  and 
they  expected.    The  cause  of  this  failure,  however,  is  not  to 
be  ascribed  to  the  system  which  it  was  the  endeavor  of  the 
originators  to  introduce,  but  to  lack  of  management  and  to 
the  great  crisis  of  that  year,  sinister  to  so  many  commercial 
and  industrial  enterprises.    But  the  purchase  of  the  prop- 
erty by  R.  B.  Bobbins,  of  New  York,  for  the  firm  of  Apple-    «•  ^f'^tet^ 
ton,  Tracy  &  Co.,  and  the  subsequent  organization,  under  T»cy  &  ^• 
the  laws  of  Massachusetts,  of  the  American  Watch  Com-^  ,    American 

'  Wn-t«h  Company. 

pany,  with  a  capital  of  $200,000,  showed  that  there  were 
other  Americans  than  the  unfortunate  pioneers  who  believed 
that  watches  could  be  made  by  machinery.    From  this  be- 
ginning has  grown  the  present  establishment,  with  a  capital   Capital, 
of  $1,600,000  and  a  surplus  of  $500,000,  that  employs  1,300    i^bor. 
persons  and  turns  out  in  a  single  year  150,000  watch  move-    Pwducta. 
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^rt2d*5?5Jii?i  ni®»t«  and  half  that  number  of  cases.    Before  1850  all  the 


<»  1850  pocket  time-pieces  used  in  America  were  imported — the  fiir 

greater  part  of  them  fix>m  Switzerland — and  for  several 
years  the  importations  were  very  little  affected  by  the 
American  manufactare.  But  the  business  grew'  and  pros- 
peredy  as  it  was  found  that  the  American  watch  was  better 
saperiority  of  than  the  foreign  one  at  the  same  price,  owing  to  the  saperi- 

machinework.    Qj^^y  ^f  ^|,^  machine  work  when  compared  with  hand  labor. 

Bcdnction  of  Priccs  wcrc  rcduccd,  and  it  became  possible  for  a  person  of 
pnce.  ^.^j^  moderate  means  to  carry  a  reliable  watch  in  hi»  pocket, 

and  he  had  the  satisfaction  of  knowing  that  in  case  any  part 
of  it  should  become  broken,  duplicate  pieces  were  accessi- 
ble that  woyld  fit  exactly.    It  would  only  be  necessary  to 
DupUcatbig  send  the  number  of  the  watch  to  the  factory,  with  a  descrip- 

damaged  parts.  *^  ^ 

tion  of  the  damaged  piece,  and  thd  return  mail  would  bring 

the  duplicate,  which  could  be  put  in  place  in  a  few  minutes 

by  the  most  ordinary  repairer  of  watches. 

and^R^h'taJ!     "^^^  Swiss  and  French  watchmakers  heard  of  the  enter- 

poriations.         prisc  fpom  time  to  time,  but  continued  to  deride  it  until  they 

found  that  their  trade  was  faUing  off;  the  American  impor- 
tations of  Swiss  watches  were  diminishing  in  spite  of  the 
growth  of  population  and  the  increasing  prosperity  of  the 
country.  Not  only  were  they  losing  the  American  trade, 
but  the  Americans  were  attacking  them  in  other  markets, 
tnde  exStag  They  were  selling  watches  in  India  and  Australia,  and  then 
abroad.  |.jj^y  went  with  their  machine-made  wares  to  England  and 

opened  a  house  in  London.  Failure  of  this  enterprise  wa^s 
predicted  quite  as  confidently  as  the  original  failure  had  been 
predicted  in  1850 ;  but  somehow  it  succeeded,  and  it  was 
Sales  in  En-  not  long  before  20,000  to  30,000  watches  were  sold  every  year 
in  England  and  the  prospect  growing  better  every  day.  The 
decline  of  the  importation  into  America  of  foreign-made  time- 
pieces is  shown  by  the  following  official  figures  of  the  export 
of  Swiss  watches  to  the  United  States  for  a  i>eriod  of  five 
years: 

Importation  of  In  1870 330,000 

187(5875r**''''*' 111  1871 342,000 

In  1872 36ii.0C0 

In  1873 204,000 

In  1874 187,000 

In  1875 134,000 

Tho  Swiss     These  figures  alarmed  the  Swiss  makers,  and  in  1875  they 
"**"'*^'  determined  on  a  fine  display  at  Philadelphia  in  the  follow- 

ing year,  and  also  arranged  to  send  some  of  the  most  intel- 
ligent of  their  number  to  report  on  the  American  industry 
and  the  causes  of  its  rapid  growth  and  general  success.    Od 
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his  return  to  Switzerland  the  Swiss  judge  at  the  Centennial  ^^^^*^^«ot5^ 

Exhibition,  M.  Favre-Porret,  reported  that  the  AmericjanC^tOTmiai;   m. 

manufacture  had  reached   such  a  stage  that  the  United 

States  could  henceforth  be  supplied  without  importations 

from  abroad.    He  openly   declared  that  the  ruin  of  the  ^hu  report  to 

the  SwisSi 

watch-making  industry  of  Switzerland  was  impending  in 
consequence  of  the  competition  of  the  Americans,  and  ad- 
mitted that  he  could  not  point  out  a  remedy.  His  report 
caused  a  great  sensation  among  the  watchmakers  of  France 
and  Switzerland,  and  as  soon  as  it  was  known  that  the 
American  Watch  Company  would  have  an  exhibit  at  Paris   szhibit  of  the 

Axnexlcaji  Watoh 

in  1878  there  was  a  universal  desire  to  see  it.  The  excel-  Company  in  Fa- 
ience of  the  displaj'  was  freely  admitted  both  by  experts  and 
the  general  public,  but  there  were  many  who  were  slow  to 
believe  that  the  watches  shown  in  the  American  section 
were  made  by  machinery,  and  they  were  staggered  by  the 
information  that  a  single  company  should  employ  over  1,000 
workmen,  engaged  in  directing  the  machines  by  which  the 
watches  were  made.  The  jury  of  the  class  was  composed  01,^^,^®^'*^**' 
of  four  representatives  of  France,  three  of  Switzerland,  one 
of  England,  and  one  of  the  United  States  of  America.  The 
of&cial  examination  of  the  American  exhibit  was  left  until 
the  exhibits  of  all  other  countries  had  been  visited,  but 
during  the  period  of  their  labors  the  members  of  the  jury 
informed  themselves  fully  of  the  character  of  the  American 
display,  for  the  purpose  of  making  comparison  with  others. 
By  the  figures  given  to  the  jury,  it  was  shown  that  the        Arerage  of 

CO  ,t      1 J  ■watohespernand 

watch  industry  of  Switzerland  turns  out  an  average  of  40  by  the  Earopean 
watches  annually  for  each  workman  employed,  while  the  eyatema. 
average  in  the  United  States  is  about  160,  and  therefore 
the  machine,  with  one  man  to  direct  it,  can  perform  the  work 
of  four  men.    The  machine  does  not  demand  any  wages  be- 
yond the  interest  of  the  capital  invested  and  the  outlay  to 
keep  it  in  repair ;  it  never  enrolls  itself  in  a  labor  union  and 
threatens  a  strike;  and  it  never  spends  an  evening  at  a  cor- 
ner grocery,  to  appear  on  the  following  morning  with  an 
unsteadiness  of  nerves  that  is  particularly  out  of  place  in 
watchmaking.    The  advantage  of  economy  and  excellence       Advaataffee 
of  performance  on  the  part,  of  a  machine  was  recognized  work, 
by  the  jury,  and  if  any  of  them  had  been  skeptical,  the 
watches  were  before  them  to  give  testimony  of  the  products 
of  machine  labor. 

It  is  to  be  regretted'  that  no  test  was  made  of  the  perfonn-    no  testa  made 
ances  of  watches  of  the  higher  grades.    Several  exhibitors  highS^SrSk*'^* 
asked  for  one,  but  the  jui'y  decided,  after  careful  delibera- 
tion, that  the  circumstances  under  which  they  were  assem- 
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bled  and  the  short  time  allowed  for  the  peTformanoe  of 
their  labors  did  not  justify  such  a  trial.    Many  of  the  Swiss 
makers  had  the  official  bulletins  of  the  performance  of  their 
watches  at  the  observatories  of  Neuch&tel  and  Geneva. 
Value  of  the  The  establishment  of  these  observatories  has  done  a  great 
tory  tests.         deal  to  Stimulate  the  Swiss  watchmakers  to  reach  a  higher 
degree  of  excellence,  and  it  is  clearly  demonstrated  that 
they  have  made  greater  progress  toward  perfection  in  watch- 
making since  the  observatories  began  their  work  than  ever 
before  in  the  same  time.    It  is  to  be  hoped  that  the  Govern- 
As  to  the  united  men  t  of  the  United  States  will  not  be  altogether  onobserv- 

States    affording       ^«,  -.         i.^rM..        «       >■,  ...... 

means  for  official  ant  of  the  example  which  Switzerland  has  set ;  it  is  highly 
^8^0  P®"" ®"° "^jggipg^ijiQ  ^jjg^i;  j^jj  officlal  charactcr  should  be  given  to  all 

watches  of  the  highest  grades,  both  as  a  guarantee  to  the 

purchaser  and  a  stimulus  to  the  manufacturer.     In  the 

Swiss  observatories  the  trials  last  for  six  weeks,  and  the 

watches  are  tested  for  position  and  temperature ;  the  latter 

includes  both  heat  and  cold,  the  first  being  made  in  an  oven 

Reference  to  ^^^  the  sccoud  iu  a  refrigerator.    A  comparison  of  all  the 

iho1S^"at\hot>«illetins  presented  at  the  Centennial  Exhibition,  1876, 

Centennial.        ^5howed  that  the  American  watches,  in  two  instances,  had 

surpassed  the  best  performances  of  the  Swiss  watches  of  the 

Report  of  Prof.  Same  grades  in  all  the  various  tests,  and  one  of  them  showed 

Arb^**'  "     °°  a  ditference  of  mean  daily  rate  between  the  first  and  last 

week  of  the  trial  of  only  one-hundredth  of  a  second. 

Gradual  adop-     In  the  lower  grades  of  watches  it  was  admitted  by  many 

in^Fnm^  andof  the  Swiss  and  French  makers  that  machinery  could  be 

^^^  made  of  great  advantage,  and  some  of  them  have  been  using 

it  for  this  purpose.    One  firm  in  France  has  adopted  the 

American  system,  and  is  turning  out  a  large  nnmber  of 

watches  by  means  of  it,  but  they  are  only  of  the  very  lowest 

onler,  and  considerably  inferior  to  the  cheapest  watches  of 

the  American  Companj'.    The  work  is  of  the  rudest  char- 

Usedinmakingacter,  and  there  is  very  little  attempt  at  finishing  the  parts 

a  cheap  and  com-  i 

jnon  watch.        SO  that  they  will  run  smoothly  against  each  other.    Several 

firms  in  Switzerland  are  using  machinery  in  a  small  way, 
but  it  is  unpopular  with  their  workmen  in  consequence  of 
its  interference  with  customs  that  have  existed  for  a  great 
number  of  years. 
Compensating     Thcjury  was  much  interested  in  the  compensating  bal- 

v.woerd.        '  auc'i  invented  by  Mr.  Charles  V.  Woerd,  the  mechanical 

superintendent  of  the  factory  of  the  American  Watch  Com- 
pany, and  promptly  awarded  him  a  niedal  as  a  collaborator 
whose  work  deserved  recognition.  The  form  of  compensa- 
tion hitherto  employed  in  the  balances  of  watches  andchro- 
uometei'S  can  be  made  perfect  only  for  two  critical  temper- 
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atnres,  whUe  for  intermediate  or  extreme  temperatures  t^^eom  T*Matioil 
compensation  is  imperfect  Devices  called  secondary  or^^n^e. 
auxiliary  compensation  have  been  applied  to  remedy  this 
defect  in  a  partial  degree.  The  effect  of  the  temperature 
is  to  modify  the  elastic  force  of  the  spring  as  well  as  to 
change  its  length  and  to  change  the  form  of  the  balance; 
perfect  compensation  requires  that  the  time  of  vibration  of 
the  balance  shall  be  constant  under  all  the  vicissitudes  of 
temperature  to  which  the  instrument  may  be  subjected. 
This  requires  an  arrangement  of  the  parts  so  that  the  mo-  The  problem, 
ment  of  inertia  of  the  balance  shall  maintain  a  constant  ra- 
tio to  the  moment  of  the  elastic  force  of  the  balance  spring. 
The  law  of  the  change  of  the  effective  elastic  force  of  the 
spring  is  not  absolutely  determined,  but  sufficient  is  known 
about  it  to  make  certain  that  the  compensation  cannot  be 
made  x>erfect  except  at  two  temperatures.  The  expressions 
of  the  variations  of  these  moments  in  respect  to  the  tem- 
perature give,  when  graphically  represented,  two  curved 
lines,  and  the  a^ustment  can  be  made  only  for  the  two 
points  where  these  curves  intersect. 

Mr.  Woerd's  device  consists  in  the  substitution  of  an  en-  DeMriptioii. 
tirely  different  arrangement  of  bimetallic  laminne  in  such 
a  way  that  the  ratio  of  the  moments  of  the  balance  and  of 
the  spring  shall  remain  constant  during  all  the  tempera- 
tures to  which  the  watch  or  chronometer  shall  be  subjected 
while  in  use.  He  employs  steel  for  the  inner  lamina,  as 
usual,  but  for  the  outer  he  uses  a  composition  of  higher  ex- 
pansibility than  the  brass  which  has  been  hitherto  em- 
ployed. Instead  of  two  parallel  and  connecting  laminsB  he 
uses  only  a  short  arc  of  the  outer  composition,  and  this  is 
connected  with  the  steel  in  the  form  of  intermeshing  teeth 
that  are  solidly  fused  to  it  The  outer  edge  is  turned  down 
so  that  the  edges  of  the  steel  teeth  separate  the  composi- 
tion into  a  succession  of  prisms.  By  this  means  the  action 
is  different  from  that  of  continuous  bimetallic  laminsB  in 
avoiding  the  constrained  action  of  the  laminsB  and  provid- 
ing for  that  freedom  of  movement  of  the  compensating 
weights  which  is  necessary  to  fulfill  the  actual  requirements 
of  the  adjustment  for  temperature. 

Another  advantage  which  this  invention  x)ossesses  is  that  Advantege. 
it  is  always  possible  to  find  the  teeth  in  the  bimetallic  part 
that  are  necessary,  in  connection  with  the  proper  compen- 
sating weights,  to  make  the  motion  of  these  weights  corre- 
spond with  the  requirements  of  the  balance  spring  for  au- 
tochronous  vibration  at  difterent  temperatures.  In  order 
to  lighten  the  eteel  rim  and  keep  the  effective  weight  of  tiie 
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c.  V.  woerd'8  balance  as  near  the  rim  extremities  of  the  segments  as  pos- 

oompensation  ^  '^ 

balance.  sible,  Mr.  Woerd  drills  one  or  more  holes  in  the  steel  rim, 

and  int.ermediate  between  the  bimetallic  part  and  the  com- 
pensating weights,  so  that  the  desired  effect  may  be  pro- 
duced by  a  limited  arc  of  the  two  metals.  This  device  also 
provides  for  a  delicate  adjustment  of  the  poise  of  the  bal- 
ance far  more  easily  than  by  the  old  method.  Altogether 
it  is  confidently  claimed  by  Mr.  Woerd  that  the  mean  error 
under  his  form  of  balance  and  the  manual  adjustment  re- 
quired will  be  reduced  to  a  third  of  that  now  obtaining  nu- 
vainabie  ro-  der  the  old  SYstcm.  The  results  that  have  been  obtained 
by  this  form  of  balance  have  been  most  gratifying.  The 
first  experiments  were  made  with  60  watches  equipped  with 
it,  and  the  reduction  of  time  required  for  adjustment  fully 
justified  the  claim  set  forth  above. 

Former  and  con-     jt  frequently  happcus  that  an  invention  appears  simul- 

temporaneons  at-  ^  *^         *^^  ^'^ 

*«npto  at  resoiv-  tancously  in  two  or  more  places,  the  work  of  as  many  men, 

who  have  been  working  quite  independently  and  generally 
ignorantly  of  each  other  to  accomplish  a  certain  result.  In 
the  present  instance  Mr.  Woerd  finds  that  two  Swiss  watch- 
makers have  been  studying  to  make  a  balance  chat  should 
obviate  the  defects  of  the  old  form,  but  they  have  not  yet 
hit  upon  a  satisfactory  result ;  and  investigation  shows  that 
Disonsaion  in  as  far  back  as  1829  the  question  was  discussed  in  France 

1829. 

and  Switzerland  and  also  in  England,  and  a  variety  of  de- 
vices for  overcoming  the  difficulty  were  proposed.  In  all, 
three  men  are  known  to  have  been  at  work,  quite  independ- 
ently, to  construct  a  balance  that  should  give,  at  least  in 
theory,  a  perfect  compensation  for  all  the  natural  tempera- 
tures to  which  a  watch  or  a  chronometer  is  subjected. 
Success  in  the  effort  has  been  first  achieved  by  an  American 
citizen,  and  his  success  is  to  be  attributed,  in  a  measure,  to 
the  system  of  making  watches  by  machinery,  as  the  delicacy 
of  construction  required  for  the  balance  is  not  possible 
except  with  the  mechanism  in  use  at  Waltham. 
Micrometer  A  micromctcr  was  shown  at  Paris  by  the  American 
Watch  Company,  which  measured  the  25-thousandth  part 
of  an  inch ;  and  a  paper  was  submitted  describing  a  mi- 
crometer screw-gauge  constructing  at  Waltham,  that  would 
detect  inequalities  in  the  thread  of  a  screw  up  to  hundred- 
thousandths. 
Value  of  inter-  The  valuc  of  international  exhibitions  in  advancing  1n- 
uona  iuaatrated.'  dustry  cau  havc  uo  better  illustration  than  in  the  case  of 
the  American  Watch  Company.  It«  manufacture  and  sale 
of  watch  movements  in  1877,  the  year  following  the  Phila- 
delphia Exhibition,  showed  an  increase  of  about  18  per  cent. 
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over  1876,  and  a  statement  recently  received  flrom  the  mi*n-  the^uSSrhSn? 
agere  is  to  the  effect  that  the  business  of  1879  was  an  in-  ^^^  «*****>*■ 
crease  of  43  per  cent,  over  that  of  1878,  the  year  that  the 
company  exhibited  at  Paris.  Of  coarse  a  portion  of  this 
increase  in  1879  is  due  to  the  revival  of  business,  but  the 
same  cause  did  not  operate  in  1877,  and  we  may  safely 
credit  the  half  at  least  of  43  per  cent,  to  the  effect  of  the 
Paris  Exposition.  And  the  increase  is  not  confined  to 
watches  of  the  lower  grades  out  of  the  ten  varieties  produced 
by  the  company.  The  demand  for  the  highest  class  of 
watches  is  even  proportionally  ahead  of  that  for  the  low- 
priced  qualities,  and  indicates  that  the  world  is  learning 
that  it  is  no  longer  necessary  to  patronize  an  European 
maker  in  order  to  secure  an  accurate  timekeeper  for  the 
pocket 

EDWAED  H.  KNIGHT, 

Sanarary  OammMshner, 
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[Extract  from  the  Official  Classiflcation.] 
CLASS  64.— RAILWAY  APPARATUS. 

Separate  parts:  springSi  bnfferSi  brakes. 

Permauent  way :  rails,  ohairs,  crossings,  switches,  fish-platesy  turn-tables ;  buffers, 
water  cranes,  and  tanks;  optical  and  acoustic  signals. 

Permanent  way  for  tramways. 

Rolling  stock:  wagons  for  passengers,  for  carrying  earth,  goods,  cattle;  locomo- 
tives, tenders. 

Self-moving  carriages;  locomotives  for  roads. 

Special  tools  and  machines  for  the  maintenance,  repair,  and  construction  of  rail- 
ways. 

Apparatus  for  inclined  planes  and  self-acting  planes;  apparatus  and  engines  for 
atmospheric  railways;  models  of  engines,  of  systems  of  traction,  of  apparatus  apper- 
taining to  railways. 

Models,  plans,  and  drawings  of  platforms,  stations,  and  englne-hoases,  and  other 
buildings  necessary  for  the  working  of  railways. 

[This  report  includes  a  part  only  of  the  above  sahjects.] 
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REPORT 


ON 


RAILWAY  APPARATUS  AND  MEANS  OF  TRANSPORT, 


In  few  departments  of  industry  has  there  been  a  larger   Great  improTe- 

'  .  •  ^      ment  in  meana  of 

or  more  valuable  advance  during  the  decade  just  past  thantoMwport^jinfi 
that  which  has  been  accomplished  in  the  introduction  of  new 
and  the  amelioration  of  old  processes,  methods,  and  ma 
chines  for  transporting  the  products,  traffic,  and  travel  of 
the  world.  Even  a  cursory  examination  of  the  railway, 
tramway,  and  marine  exhibits  in  the  sections  of  France, 
Great  Britain,  Austria- Hungary,  Belgium,  Italy,  Sweden, 
and  the  United  States  at  the  Paris  International  Exposi- 
tion would  suffice  to  satisfy  the  observer  that  while  active 
brains  and  skillful  hands  have  been  working  to  great  pur- 
pose on  the  western  side  of  the  Atlantic,  the  inventivepn  both  aides  of 

■■^  '  the  Atlantic. 

genius  and  productive  energies  of  Enrope  have  been  per- 
haps equally  active  during  the  last  ten  years  in  this  im- 
portant field  of  industry  and  progress. 

The  subject  of  transportation,  as  exemplified  at  the  Paris    wide  range  of 
Exposition,  embraced  the  whole  of  one  of  the  subdivisions  ^^  •°^''^'* 
of  the  Exposition,  designated  as  ^'  Glass  64,  Railway  Ap- 
paratus," a  portion  of  the  exhibits  in  <<  Class  54,  Machines 
and  Apparatus  in  Gteneral,"  and  a  large  part  of  the  exhibits 
in  "  Class  67,  Navigation  and  Life-saving  Apparatus  »    The  a^^' trSit^^^a 
subject,  as  briefly  reviewed  in  this  report,  will  be  almost  ^^l*®*'^™^^*"^ 
entirely  limited  to  means  of  transportation  upon  land  and 
by  railways. 

In  respect  to  the  exhibits  relating  to  this  subject,  as  well 
as  to  those  illustrating  the  condition  of  navigation  in  the 
maritime  countries  of  Europe,  it  may  be  said  generally  that 
the  progress  has  been  marked  and  most  satisfactory,  and  of  ro^^'^Jf^the 
all  it  may  be  predicated  that  this  progress  has  been  more  w**  decade, 
striking  during  the  past  ten  years  than  in  any  like  period 
since  the  general  introduction  of  steam  as  a  motive  power. 

Much  of  this  advance  may  be  ascribed  to  the  introduc-   caaae. 
tiou  of  improved  machinery,  of  more  scientific,  more  thor- 
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^*S^  relative  ^^^^^  *"*^  more  Simple  appliances  and  methods,  and  better 
progress  of  late,  pians  of  constrttctlon  in  the  vehicles  of  both  land  and 

water  transportation;   but  the  most  potent  factor  in  the 
amelioration  which  has  been  accomplished  in  this  depart- 
ment of  human  enterprise  has  been  steel — the  general  intro- 
Snbiititiitionofduction  of  stccl  material  into  the  construction  of  railway 
iron  y  a  tracks,  railway  apparatus  and  locomotives,  and  the  machin- 

ery of  ships  and  boats  propelled  by  steam. 
proTiS  8te?i  pro"     ^^^  great  benefits  resulting  to  the  world  from  the  cheap- 
cesses,  ening  of  the  cost  of  steel  within  the  last  decade  by  the  more 
BessCTner.^^^  general  introduction  of  the  Bessemer,  Siemens-Martin,  and 
tin-  other  analogous  processes  were  conspicuously  illustrated 
Krupp.          at  Paris.    The  wonderftd  success  achieved  by  Erupp  at 
jSh^c^^eSi  Essen,  Schneider  &  Co.  at  Creuzot,  John  GockeriU  Soci6t6 
^if  *j   Whit-  ^*  Seraing-lez-Li^ge,  Sir  Joseph  Whitworth  &  Co.  at  Man- 
worth  &  Co.       Chester,  and  others  in  manufacturing  large  and  perfect  pieces 
in  cast  and  wrought  steel,  of  immense  strengtli  and  superb 
ower^security*^"^®^'  has  added  greatly  to  the  power,  the  security,  and  the 
*°^hi^OT^^hf  s^^^^^^^^^^y  particularly  of  machinery  for  propelling  ocean 
noways.  '   and  steamships,  whilc  the  general  introduction  of  this  metal  in 
the  construction  of  railway  tracks,  engines,  and  rolling 
stock  has  effected  an  immense  and  a  permanent  reduction 
in  the  necessary  cost  of  railway  transportation. 
Example.  A  siuglc  example  out  of  very  many  presented  in  the  sec- 
tions of  France  and  Great  Britain  may  be  mentioned  here 
as  indicating  what  has  already  been  realized  from  the  sub- 
stitution of  steel  for  iron,  and  in  some  measure  what  may  be 
expected  in  the  future  from  the  largely  increased  use  of 
the  better  metal. 
Dnrabnityofa     A  double-hcaded  steel  rail,  made  at  the  steel  foundries 

steel  rail. 

of  MM.  Schneider  &  Co.  at  Creuzot,  was  exhibited  by  the 
de  Western  Railway  Company  of  France  upon  the  Oalerie 
la  Bourdonnaye^  an  annex  to  the  French  section.  This 
rail  had  been  in  use,  according  to  the  certificate  of  the  en- 

^Life  of  a  steel  gineor  of  the  railway  company,  for  eighteen  years,  and 

256,000  trains  had  passed  over  it  in  that  period.  The  rail 
had  only  been  used  upon  one  side,  and  that  was  not  yet 
half  worn  away.  It  was  in  an  excellent  state  of  preserva- 
tion, and  was  estimated  to  still  possess  an  expectancy  of 
life,  under  like  conditions  of  wear  and  tear  to  those  expe- 
rienced in  its  past  history,  of  at  least  twenty  years.    When 

^  of  an  iron  it  is  remembered  that  the  average  life  of  the  iron  rail,  under 

cireum^tances  much  more  favorable  to  longevity  than  those 
just  mentioned,  is  less  than  seven  years,  the  force  of  this 
example  will  be  realized. 
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RAILWAYS  AND  RAILWAY  APPARATUS. 

As  there  is  no  part  of  the  world  where  railroads  have  been  gr^g^SThe  d^- 
such  an  important  agency  in  material  development  as  in  the  *«i  state* 
United  States,  so  it  is  gratifying  to  observe  that  nowhere 
else  has  there  been  greater  progress  in  the  art  of  railway  a^«««J  ©^  ^^^^^ 
construction  or  in  the  business  of  railway  administration 
and  management. 

Ot  the  186,000  miles  of  completed  railways  in  the  world  ^^^''■y*^'^^^ 
in  1878,  nearly  one-half  are  in  the  United  States.    Having 
reference  to  territorial  areas,  this  preponderance  is  very  tl^eu2itedStouS! 
great,  bat  as  compared  with  populations  it  is  enormous. 

With  vast  regions  urgently  demanding  the  speedy  con-  ^|^£^i2£Sg 
Btruction  of  new  roads  as  the  line  of  civilization  has  moved  ^^ug^/j j^^*  *** 
across  the  continent,  with  the  needs  of  the  older  settled  por- 
tions of  the  country  not  by  any  means  fully  supplied,  and 
with  that  impatience  of  delay  and  eagerness  of  enterprise 
which  are  characteristic  of  the  American  people,  it  is  not  sur- 
prising that  there  should  be  much  that  is  crude  and  super-  cpadenJinrSSf. 
llcial  in  many  of  the  railway  works  of  this  countiy.    But^»^»  ^JJjJjJl}; 
when  we  consider  the  relative  cost  of  construction,  the  wants  country. 
of  a  comparatively  new  and  partially  developed  country,  and 
the  nature  of  the  means  available  for  railway  construction, 
it  will  be  found  that  American  railroads,  in  the  condition  of 
their  permanent  ways  andof  their  rolling  stock,  in  their  sys-^^^jjjgj^^"^ 
tems  of  administration,  and  in  their  efficiency,  will  compare 
fovorably  with  those  of  any  other  country.    In  many  re- 
gards they  would  not  be  so  well  suited  to  the  countries  and 
populations  of  Europe  as  the  practice  of  railroad  construc- 
tion and  management  now  usually  prevailing  in  those  coun- 
tries.   Indeed,  the  characteristics,  social  relations,  and  thetii^'^d^habk« 
wants  of  the  people  and  needs  of  this  country  are  so  difter-  SSoandEu^rii 
ent  &om  those  of  European  nations  that  it  is  difficult  iairly  p^p^^^- 
to  contrast  the  European  railway  systems  with  the  Ameri- 
can. Particulars  in  which  theirs  would  not  be  at  all  adapted 
to  this  country  render  them  all  the  better  suited  to  the 
needs  of  transatlantic  populations. 

There  are  some  things  in  the  Eui-opean  railway  practice        infericvrity 
which  strike  an  American  as  inferior  in  convenience  to  the  ammpmcntii  for 
practice  adopted  in  the  United  States,  particularly  their  sengen  and  dis- 
arrangements for  the  movement  of  passengers  and  their  lug-  ^^^' 
gage.    In  Euroi)e  there  is  frequeutly  a  want  of  co-operation 
between  different  railway  companies  in  the  arrangement  of 
through  tickets  over  connecting  lines  owned  by  distinct  com-  th^gS^*  check* 
panics,  and  the  simple  and  convenient  system  of  through-  ^°«  >»Kg*ge. 
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checking  baggage  prevailingin  this  oountry  is  almost  wholly 
unknown. 
Arrangement     There  3X0  Other  Striking  particulars  in  which  the  practice 

and  cMMohes!  *^^^  of  Europcau  railways,  their  management  of  trains,  their 

plans  and  arrangement  of  cars  and  coaches  differ  from  the 
American  railway  system;  but  these  are  only  different,  and 
often  equally  good,  modes  for  reaching  the  same  results 
which  are  obtained  in  America  by  other  and  not  superior 

partmen^^^  ^""  D^^^hods.    TheiT  subdivisiou  of  their  passenger  coaches  into 

conp&j  or  sectional  compartments,  each  seating  sis,  eight, 
or  ten  persons  when  full,  and  having  no  means  of  direct 
communication  with  eaeh  other  or  with  the  other  cars  of  the 
Eetiping rooms. train;  their  provision  of  retiring  rooms  at  their  stations, 
instead  of  having  any  such  conveniences  upon  ordinary  pas- 
senger and  express  trains,  which  appear  at  first  awkward 
and  inconvenient  to  persons  accustomed  to  the  American 
The  European  systcm,  are  not  without  their  advantages.    Their  system  of 

pared  with  the  guards  upou  passcugcr  traius,  who  do  notcontrol  the  move- 

^Lmerioan    * '  con* 

ductor."  ments  of  the  train,  their  position  being  quite  inferior  to  that 

of  the  American  railway  conductor;  of  managing  their 

JMbaiagementirf  trains  by  telegraphic  signals  from  the  principal  stations,  as 

is  the  case  upon  some  lines ;  of  always  requiring  a  passenger 

pttrc£S?orScir.  *^  ^^ve  a  ticket  before  allowing  him  to  go  upon  a  train,  and  of 

«^-  never  allowing  a  fare  to  be  paid  upon  the  train,  possess  some 

advantages  over  ours.    When  we  consider  the  character  of 

the  respective  populations ;  the  effects  of  class  distinctions, 

everywhere  so  marked  and  so  recognized  in  the  Old  World; 

Reaaanaforthe  the  density  of  European  populations  and  the  comparative 

maintenance     of  •»***.  * 

different      aya-  shortucss  of  joumey  s,  many  of  the  objections  which  at  first 

tema*  _  .—^ 

suggest  themselves  to  the  arrangements  adopted  upon  Eu- 
ropean railways  disappear. 
Gi-eat  precision     There  ccrtaiuly  is  much  to  admire  in  the  wonderful  sys- 

and  aafety  of  the  ^^  * 

European  admiu-  tem  and  cxactuess  with  which  hundreds  of  trains  are  daily 

iatration. 

moved  upou  the  net- work  of  railroads  in  the  vicinity  of  their 
chief  cities.  In  these  vast  centers  of  dense  population  and 
enormous  traf&c  the  movement  of  trains  and  the  transpor- 
tation of  passengers  and  freight  are  conducted  without  col- 
lision or  confusion,  with  the  regularity  and  precision  of 
clock-work. 
subatontiaiand     In  the  Convenient  arrangement  and  substantial  construe- 

convenient      de-  ^ 

pots.  tion  of  <]ex)ots  and  depot  buildings  the  Continental  and 

British  railways  are  generally  abreast  of  the  very  best  prac- 
tice of  the  strongest  and  best-managed  railroads  of  this 
Proviaione  for  country.    lu  the  regard  shown  for  human  life,  the  provision 
at'^»aition8  ml  made  at  stations  for  crossing  the  tracks  by  bridges  above 
oroaainga.  ^^  arched  ways  below  the  roadway ;  in  the  facilities  pro- 
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vided  for  imparting  to  travelers  trastworthy  information  as  ooiiSnttnio?ti^e! 
to  routes  and  trains,  and  the  courtesy  of  the  railway  guards  »««« of  offlciaia. 
and  officials,  some  of  the  EurDpean  lines  set  examples  which 
it  would  be  well  for  all  railroad  companies  to  imitate. 

The  general  practice  of  European  railways  was  illustrated  hji^jy^^j^f  pariJ' 
at  Paris  by  exhibits  from  France,  Austria-Hungary,  Great 
Britain,  Belgium,  Sweden,  Italy,  and  Switzerland.  There 
were  exhibits  from  other  countries  than  these,  but  none 
others  which  could  be  considered  at  all  representative.  It 
is  to  be  regretted  that  the  German  Empire  was  not  repre-  ^  ^^^^  "®* 
sent^d  at  all,  for  it  is  probable  that  the  art  of  railway  con- 
struction, equipment,  and  management  has  been  brought 
to  a  higher  degree  of  excellence  in  that  great  country  than 
anywhere  else  upon  the  continent  of  Europe. 

France,  Austria,  and  Great  Britain  have  been  selected  as   Review  wm  be 
the  countries  whose  railway  system  and  practice  will  be  muway  Bystema 
briefly  reviewed  in  this  paper.    The  exhibits  at  Paris  from  ^a,  and^'oreat 
Belgium,  Sweden,  Italy,  and  Switzerland  were  all  very  in- 
viting and  creditable  to  the  mechanical  and  engineering 
skill  of  those  countries,  and  indicate  a,  decided  and  healthy 
advance  in  the  field  of  railway  construction.    It  would  be 
impossible,  however,  in  the  limits  of  this  report,  to  do  full  jus- 
tice to  all,  or  indeed  to  any  one,  of  the  nations  represented ; 
and  this  review,  which  must  necessarily  be,  io  a  great  extent, 
partial,  will  be  confined  to  tbe  raUways  and  railway  appli- 
ances of  the  three  countries  mentioned,  those  of  France  and 
Austria  being  selected  as  representing  the  prevailing,  and 
those  of  Great  Britain  the  most  advanced,  types  of  Euro- 
pean railway  machinery  and  construction. 

FRANCE.  FBAKCB. 


The  French  railway  system  dates  its  growth  from  the  year  commoncement 
1840.    It  was  first  proposed  to  make  all  the  roads  the  prop-  i84o."^^^*^** 
erty  of  the  state,  but  by  law  of  June,  1842,  it  was  deter-    Law  of  i842. 
mined  that  the  work  should  be  left  to  private  enterprise, 
supervised  and,  in  proper  cases,  aided  by  the  government. 
The  whole  of  the  railroads  of  France  were  classed  under     ciasaification 

of  railwava 

two  divisions,  the  ancien  rSseau,  old  net-work,  and  'fiou- 
veau  riseauj  new  net- work.  The  old  system  embraced  the 
great  trunk  lines,  which,  as  indicated,  were  the  first  built,  |.^°^^™*"""^ 
and  the  new  system  the  lines  constructed  generally  as  feed- 
ers to  the  trunk  lines.  These  latter  were  often  built  rather 
from  considerations  of  public  utility  than  from  any  expecta- 
tion of  dividends  upon  the  money  invested  in  their  construc- 
tion.   The  roads  of  this  latter  class  were  aided  by  a  govern-  Subventionafor 

the  latter  claaa. 

ment  subvention  in  the  shape  of  a  guarantee  of  4  per  cent. 
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^f^^cR.      interest,  with  0.66  per  cent,  additional  per  annum,  as  a  sink- 
ing fund  for  the  extinguishment  of  the  principal  sum  in- 
vested. 
Fronch^S^yf     Thci-c  worc  23,895  kUometers  (about  16,000  miles)  of  corn- 
in  1878.  pleted  railway  in  France  in  1878,  an  increase  of  8,000  miles 

since  1866.    In  1876  there  were  12,400  miles  completed.    The 
Receipu  for  1878,  ^^qI  gross  reccipts  of  all  the  railway  companies  of  France  for 

that  year  were  $162,847,106.  The  average  receipts  per  mile 
for  that  year  were  $13,132.  Maximum  receipts  per  mile, 
those  of  the  Northern  Railway  Company,  ^<old  not- work," 
were  $30,032 ;  and  the  minimum  receipts  (on  some  of  the 
minor  roads  of  the  '^new  net- work")  were  for  the  same  year 
less  than  $1,300.  These  returns  present  a  view  of  a  very 
well-conducted,  steadily  increasing,  and  fairly  remunerative 
traffic. 

The  railway  rolling  stock  and  fixtures  of  the  French  rail- 
way companies  have  about  kept  pace  with  the  extension  of 
the  lines  of  old  roads  and  the  construction  of  new  lines. 
incivaaed  ex-     Siuco  1866,  notwithstanding  the  losses  occasioned  by  the 
and  roUing  stock  War  with  Germany,  the  general  railway  system  of  France 

has  been  increased,  exclusive  of  Alsace  and  Lorraine,  about 
64  per  cent.  The  increase  in  the  number  of  locomotives  has 
been  64  per  cent.,  in  the  number  of  passenger  cars  41^  iier 
cent.,  and  in  the  number  of  freight,  platform,  and  con- 
struction cars  69  per  cent. 
ii/rovraienu  iS  ^^®  principal  improvements  to  be  observed  in  the  con- 
way  and  plant,    gtructiou  of  the  permanent  way  of  the  French  roads  are  the 

substitution  of  steel  rails  for  iron ;  the  general  introduction 
of  fish-bars ;  the  use  of  cross- ties  which  have  been  treated 
with  creosote,  sulphate  of  copper,  or  some  of  the  other  pro- 
cesses for  preserving  them  from  decay.  Experiments  have 
also  been  made  by  some  of  the  companies  in  the  use  of  metal- 
lic cross  lies  with  some  promise  of  success.  Progress  in  the 
following  particulars  is  also  worthy  of  mention : 

of  »?^*lH2^"fiSd     (^^  '^^'^  introduction  of  improved  systems  of  signaling, 
runnfu}?  trains,    by  a  Combination  of  the  *'  block  "  with  the  telegraphic  sys- 
tem of  signals,  so  that  the  movement  of  the  switches  by  an 
automatic  arrangement  will  necessarily  correspond  to  the 
signals  given. 

(2)  The  general  use  of  the  block  system  upon  the  fre- 
quented sections  of  the  roads. 
Electric  signAis.     (3)  Thc  usc  of  clcctricity  in  maneuveiing  the  different 

signals. 
Improved  bai-     (4)  The  general  introduction  of  a  better  and  more  thor- 
ough system  of  ballasting  their  roads. 


RAILWAY  apparatus:    COliMlSSIONER   ANDERSON.  425 

The  chief  points  of  progress  in  locomotive  construction      n^cE- 


(1)  The  general  use  of  heavier  and  more  powerful  engines   ^creaaeineue 
than  those  formerly  used,  haviug  4  wheels  coupled,  of  large  comotives. 
diameter;  designed  especially  for  express  and  fast  passen- 
ger trains. 

(2)  The  substitution  of  steel  for  iron  in  a  great  number  ot^^^^^^^  ^ 
the  parts  of  the  engine.  engines. 

(3)  The  use  of  the  waste  steam,  ^^  of  ^'^^te 

(4)  The  improved  arrangement  of  the  fire-grate  and  fire-  Bconomyoffaei. 
box  for  the  economical  use  of.  the  various  kinds  of  fuel. 

In  the  construction  of  passenger  coaches  there  have  been   EniArgementof 

aod   inoreaae  of 

important  improvements  in  the  enlargement  of  the  space  al-  comfort  in  pas- 
lotted  to  each  passenger,  in  the  provision  made  for  the  com-     *^®'^*^®  ®*' 
fort  of  passengers  upon  the  journey,  in  the  furniture  of  the 
eoaches,  and  in  the.  mode  of  suspending  them  upon  the 
mnning  gear. 

'^  Sleeping-cars"  have  been  introduced  upon  some  of  the  sieepiogcan. 
lines.  A  marked  improvement,  as  yet  but  limited  in  the 
extent  of  its  introduction,  is  to  be  noted  in  the  arrange- 
ments for  warming  coaches  of  all  classes.  ^N'evertheless,  the  Carwarming. 
troublesome  and  exceedingly  inefficient  method  of  warming 
the  cars  by  pans  of  hot  water  is  still,  strange  to  say,  re- 
tained upon  nearly  all  of  the  trains,  and  upon  alt  of  the 
lines  of  French  railways. 

Iron  is  being  largely  substituted  for  wood  in  the  construe-   Sabstitntion  of 
tion  of  freight  cars  and  of  the  frames  of  passenger  coaches,  oars.  ^^  ^^ 

Cross-ties.  OroM-tut. 

General  dimensions  on  all  roads  of  standard  gage :  Length,  Dimensions, 
y;  width,  8^';  thickness,  6^'.  They  are  frequently  sub- 
jected to  some  one  of  the  many  patent  processes  for  pre- 
serving them  from  decay.  Oak,  beech,  fir,  and  pine  are  Material, 
used.  The  last  three  are  the  varieties  subjected  to  the  pre- 
serving process.  Creosote,  sulphate  of  copper,  and  bichlo-  PnMorvativea. 
ride  of  zinc  are  some  of  the  preservative  preparations  in 
use — creosote  and  sulphate  of  copper  by  the  pneumatic 
process,  bichloiide  of  zinc  by  pressure  prolonged  for  a  cou- 
sidei-able  time.  At  the  Galerie  de  la  Bourdonnaye^  upon 
the  Champ  de  Mars^  there  were  exhibited  a  number  of  pine 
cross-ties  which  had  been  treated  with  creosote,  and  which 
bad  been  in  actual  use  upon  the  Southern  Bailway  of  France 
for  periods  ranging  from  eight  to  twenty  years,  and  another 
lot  which,  after  being  treated  with  sulphate  of  copper,  had 
been  used  for  fifteen  years ;  and  pine  telegraph  poles,  which, 
after  being  subjected  to  a  like  treatment,  had  been  used  from 
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twenty  to  twenty-five  years.   All  of  these  were  still  in  a  per- 
fect state  of  preservation. 

Spikes. 


screwspikeB.  The  method  at  present  generally  adopted  for  fastening 
down  the  rails  is  by  the  screw-spike,  a  hole  being  first 

B^rityofdriven  bored  in  the  wood.  It  is  rare  that  the  driven  spike  is 
substituted  for  the  screw,  though  this  is  done  upon  the 
lines  of  the  Northern  and  Eastern  Railway  Companies  of 
France.  To  insure  the  careful  screwing  of  the  screw-spike 
a  projecting  point  is  provided  upon  the  head  of  the  spike, 
to  act  as  a  <^  tell-tale  ^  should  the  workmen  strike  it  with  a 
hammer  in  order  to  drive  it  home. 


FUhrjointB. 


Axlet. 


Fiah-jaints, 

Fish-joints  are  generally  used  in  France,  as  elsewhere  in 
Europe,  whenever  the  shape  of  the  rail  will  admit.  Four 
bolts  are  used  to  each  joiut.  The  nuts  are  sometimes  held 
in  place  by  keys  through  the  end  of  the  bolt,  but  usually 
two  nuts  to  each  bolt  are  preferred. 

Axles. 


Though  these  would  be  perhaps  more  appropriately  con- 
sidered in  another  connection,  they  will  for  convenience  be 

quiiTOMntB^^'of"^^^^^  ^^^®'    "'■^^  French  specifications,  as  enforced  by 
axles.  most  compaiiles,  require  the  axles  to  be  of  charcoal  wrought 

iron.    The  pile  is  made  of  puddled  blooms,  and  the  greatest 
care  is  observed  in  the  several  processes  adopted  in  forging 
the  axle  from  these  blooms.    When  finished  each  axle  is 
Teattt.  -subjected  to  a  severe  test.    It  is  placed  upon  supports  and 

subjected  to  blows  of  a  block  weighing  800  lbs.  falling  from 
a  height  of  15'  upon  the  middle  of  the  axle;  the  blows  to 
be  repeated  until  the  axle  takes  a  set  of  0.98'  between  the 
supports,  which  latter  are  about  4.6'  apart  The  axle  is 
to  be  then  straightened  and  show  no  cracks. 


M.  viiievert.        M.  Villcvert,  the  French  engineer  and  railway  constructor, 
in  a  recent  essay  upon  the  subject  of  cheap  railways,  states 
that  the  experience  of  France  in  the  matter  of  railway  de- 
velopment has  shown  that  eaich  mile  of  railway  exploited  in 
that  country  has  resulted  in  an  annual  increase  of  the  gov- 
Benofiu  con-  emmcnt  revenues  from  the  country  traversed  of  $250,  and 
Bt^ion  of  mui  in  a  saving  in  the  cost  of  transportation  of  $2,500  per  an- 
way*  in  Franco.  ^^^^^  ^  ^^^^  regiou  through  wbich  the  road  is  built 
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The  railways  of  France  give  employment  to  nearly  183,000      '^"^'<»- 
persons,  including  all  grades  of  the  service,  or  about  12.6   Number  of  nii. 

wftv  6iiid1ov6s  in 

employes  for  each  mile  of  railway  in  operation.    As  com-  France. 
pared  with  England  and  Prussia,  the  number  of  persons  n,ii?'??*¥Sn^'^ 
in  the  service  of  the  railway  companies  in  France  is  &s^^*^     ^^^ 
follows :  In  France,  12.6  per  mile ;  in  Prussia,  11.6  per  mile ; 
and  in  England,  12,1  per  mile. 

These  employ^  are  distributed  among  the  different  depart-    mstribation  of 
ments  of  the  French  railway  service  as  follows :  Adminis- 
tration, 2  per  cent. ;  repair  and  construction  of  road,  30  per 
cent. ;  repair  and  construction  of  rolling  stock  and  locomo- 
tives, 31  per  cent. ;  movement  of  trains,  37  per  cent. 

The  mean  velocity  of  passenger  trains  in  France  is  re-  speed  of  tndnB. 
ported  as  being  32  miles  an  hour  at  full  speed ;  the  velocity 
of  the  various  classes  of  trains  under  full  speed  being  as 
follows : 

Express  trains,  37  to  46  miles  per  hour;  ordinary  trains, 
30  to  37  miles  per  hour ;  mixed  trains,  23  to  31  miles  per 
hour;  freight  trains,  11  to  15^  miles  per  hour. 

▲UBTRIA-HUX 

AUSTRIA-HUNGARY.  oabt. 


The  railway  system  of  Austria  proper  embraced  on  the  Extent  of  rati. 
1st  of  January.  1878, 6,962  miles  of  completed  railway :  that  ^*^*" 
of  Hungary,  4,184  miles;  or  11,146  in  both  together,  or  1 
mile  of  railroad  for  every  22  miles  of  territorial  area.  The 
quantity  of  railway  material  needed  for  these  lines,  without 
reference  to  the  wants  of  projected  roads,  is  considerable ; 
but  since  the  general  depression  which  has  affected  inju- 
riously all  branches  of  business  in  Austria-Hungary,  as  else- 
where, production  has  been  limited  to  what  was  indispens- 
able. 

In  the  maintenance  of  the  permanent  way,  supplying  Pennan^tway 
rails  and  cross-ties,  the  domestic  product  is  reported  to  have  mMtic  soorceB. 
been  latterly  entirely  sufficient  for  the  wants  of  the  roads ; 
and  the  Austrian  and  Hungarian  railway  companies  seem 
to  have  attained  a  condition  of  independence  in  the  matter 
of  producing  at  home  nearly  everything  needed  for  the 
building  or  working  of  their  lines.  The  improvement  in 
this  regard  has  been  marked  in  the  last  few  years.    The  im-   DecreBM  of  im- 

porta  of  railway 

portation  of  railway  material  into  the  country  was  in  1872  material. 
65,000  tons;  while  in  1876  the  exportations  exceeded  im-   Exportainisre. 
ports  by  1,700  tons.    The  excellence  and  cheapness  of  the 
product  of  cross-ties  from  the  Austrian  forests  have  pre- 
vented any  importation  of  material  of  that  description. 

The  product  of  rails  was  in  1870  105,277  tons,  since  which     PioductioD  of 
time  there  has  been  some  diminution ;  but,  by  reason  of  the™ 
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^"'S^y"^*    introduction  of  Bessemer  steel,  the  marked  improvement  in 

quality  has  largely  compensated  for  the  fisdling  off  in  quan- 

^Manufacture  of  tity.    Eails  are  manufactured  in  the  provinces  of  Lower 

Austria,  Styria,  Garinthia,  Bohemia,  Moravia,  and  Silesia, 
of  i^g^t^kf*     There  are  some  large  establishments  in  Austria  for  the 

manufacture  of  rolling  stock,  passenger  and  freight  cars — 
at  Vienna;  Simmering;  Hemal,  in  Lower  Austria;  Smi- 
chow,  near  Prague ;  and  Holoubkau,  in  Bohemia — having 
an  annual  capacity  of  6,000  cars  of  all  kinds ;  but  since  the 
general  prostration  of  business  these  works  have  lai*gely 
curtailed  their  operations. 
tivity**' aod*^^  gx-  ^hcsc  establishments  have  built  up  a  considemble  foreign 
porta.  market  for  their  products  since  the  decline  of  the  home  de- 

mand, and  the  importation  of  railway  rolling  material  into 
Austria  has  almost  wholly  ceased.     In  1875  the  exports 
were  2,373  cars,  and  in  1876  1,100  cars;  in  1872  the  imports 
were  3,154  cars,  and  in  1876  48  cars! 
Locomoiivo     Thc  mauufacturc  of  locomotives  is  chiefly  concentrated 

maouffiotonoa  in 

1875.  at  Vienna.    In  1875  there  were  5  manufactories  in  Austria, 

which  turned  out  214  locomotives  and  191  tenders.    In  1876 

1876^^******°  ^  ^^^y  ^  ^^  these  continued  in  operation,  and  they  produced 

only  59  locomotives  and  26  tenders.  The  rolling  stock  of 
of  ^atoriSf  wSir  -^.ustrian  railways  of  standard  gage  in  1877  comprised  2,322 
ways  in  1877.      locomotivcs,  2,118  tcndcrs,  275  snow-plows,  6,113  passenger 

cars,  and  54,901  freight  and  other  cars. 

GRKAT  BBITAIN.  GBEAT    BRITAIN. 


Great  progress     The  progress  In  railway  construction  in  Great  Britain  dnr- 

and  improvement  *       «»  v 

of  lAte  years.  ing  the  past  tcu  ycars  has  been  very  marked ;  and  the  im- 
provement in  the  character  of  the  permanent  way,  as  well* 
as  in  rolling  material  and  locomotives,  has  been  very  impor- 
tant and  very  valuable.  The  advance  in  the  mode  and  man- 
ner of  construction,  and  in  the  character  of  materials  used, 
has  perhaps  kept  pace  with  the  increase  in  the  number  of 
miles  of  completed  roads,  the  capital  invested  in  this  business, 
and  the  vast  increase  in  the  business  transacted  by  the  rail- 
roads of  the  United  Kingdom.  These  have  been  very  large, 
as  will  appear  from  the  following  tabulated  statement,  taken 
from  the  reports  of  the  Board  of  Trade,  and  giving,  at  in- 
tervals from  1854  to  1877,  a  view  of  the  extent  and  char- 
acter of  the  operations  of  the  railway  system  of  Great  Brit- 
ain and  Ireland. 
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QBBAT  BMTAiH.      At  the  cod  of  1871  the  total  average  cost  of  all  the  rail- 
ways of  the  United  Kingdom  was  $174,000  per  mile.    In 

permUe'****^*^^®^  ^^  *^®  enormous  snms  of  money  expended  in  the  con- 

stmction  of  the  railroads  of  Great  Britain  and  Ireland,  the 
fact  that  their  net  earnings  for  the  past  eighteen  years  have 

eamSl^io 'cJ*p1*  y icWed  more  than  4.26  per  ceutnm  per  annum  upon  the 

ui  invested.  whole  amouut  of  capital  invested,  gives  some  idea  of  the 
immensity  of  their  traffic,  and  of  the  prudence,  economy, 
skill,  and  faithfulness  of  the  management  which  combine 
to  produce  such  results. 

iJfJ.1^^^^^^     One  of  the  larger  items  in  the  cost'  of  British  railroads 

m  obtaining  cor>  ^ 

porate  rights,     ij^g  bccu  the  cxpcnsc  incurrcd  in  obtaining  from  Parliament 

acts  of  incorporation,  with  authority  to  condemn  land  for 

Eight  of  way.  the  neccssary  purposcs  of  the  companies.    The  "right  of 

way"  has  also  been  a  much  larger  element  of  first  cost  than 

sLct^^tht^oTk  ^^  ^^^  other  country.     But  the  durable  and  thorough 

manner  in  which  the  English  roads  are  built,  the  superior 
character  of  the  superstructure  and  the  equipment,  rendered 
a  very  large  outlay  necessary. 

trainsT^'***'**^  °'     The  vclocity  at  which  passenger  trains  are  run  is  greater 

upon  the  English  roads  than  in  any  other  country  in  the 
world.  The  mean  speed  of  passenger  trains  is  reported  at 
40  miles  an  hour  when  running  at  fall  speed.  The  velocity 
of  fast  and  express  trains  is  much  greater,  in  some  cases 
attaining  a  maximum  speed  of  70  miles  an  hoar. 

^^ye^ckiinis  RAILWAY  EXHIBITS  AT  PARIS. 

With  this  glance  at  the  railway  systems  of  the  countries 
of  Europe  which  have  been  selected  as  fairly  representative 
of  European  railway  progress,  I  will  now  briefly  review 
those  exhibits  in  the  more  important  classes  of  railway 
material  and  rolling  stock  which  appeared  to  most  fairly 
illastrate  the  best  practice  and  the  most  advanced  types  of 
machinery  and  methods  of  construction  prevailing  in  the 
principal  countries  of  Europe  represented  at  the  Exposition. 
Divisionsoftho  In  the  treatment  of  the  subject  the  following  general 
order  will  be  observed : 

(1)  Locomotives; 

(2)  Railway  rolling  stock  ; 

(3)  Narrow-gage  railways^  tramways^  and  ears ;  and 

(4)  Systems  of  brakes  and  signaling  a^pparaius. 


of  the  iSmchex'     ^^^  representation  of  French  locomotives,  rolling  stock, 
hibit.  and  railway  material  at  the  Paris  Exposition  was,  as  was 

to  have  been  expected,  much  fuller  and  more  complete  than 
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that  of  any  other  country,  and  afforded  a  fair  opportunity  ^fpjfjJJ*'******* 
for  studying  the  appliances  and  modes  of  construction 
adopted  by  the  French  railway  companies.    It  may  be 
stated  generally,  and  without  qualification,  that  the  collec- 
tion of  railway  exhibits  contributed  by  the  railway  com- 
panies and  manufacturers  of  that  country  gave  evidence  of     ExceUence  of 
a  very  high  degree  of  skill  and  excellence  on  the  part  of  the  hibits. 
engineers  and  artisans  of  the  French  nation. 

It  is  proper  here  to  remark,  however,  that  the  difficulty 
experienced  in  some  quarters  in  obtaining  particulars  and 
data  necessary  to  a  thorough  understanding  of  some  of  the 
most  interesting  machines  and  appliances  among  the  rail- 
way exhibits  in  the  French  section  was  found  verv  embar- 
rassing  in  the  prosecution  of  the  work  to  which  the  writer 
was  assigned.  The  channels  of  trustworthy  information  in 
regard  to  many  of  these  exhibits  seemed  to  be  guarded 
with  a  singular  jealousy ;  and  while  there  was  no  lack  of 
courtesy  on  the  part  of  the  officials  and  agents  in  charge, 
there  was  sometimes  a  reserve  and  apparent  reluctance  in 
communicating  special  information  desired,  which  rendered 
impracticable  a  ftill  and  just  criticism  of  certain  interesting 
exhibits.  There  were  a  number  of  marked  exceptions  to 
this,  and  among  them  I  desire  to  acknowledge  kind  atten-  Acknowiedg- 
tion  and  full  responses  to  inquiries  from  the  officers  iu 
charge  of  the  splendid  collection  of  exhibits  of  the  Western 
Bailwa^'  Company  of  France,  and  particularly  from  M.  De-  m.  Deiaiatre. 
laistre,  director,  and  M.  E.  Mayer,  engineer-in-chief  of  the  m.e.  Mayer. 
rolling-stock  department  of  that  company,  and  to  M.  Mar-  m.  a.  Mariier. 
lier,  secretary  of  the  executive  committee  of  the  "Inter- 
national Congress  for  the  Amelioration  of  the  Means  of 
Transport.'* 


Locwnotivei. 

FBANCR. 


FRENCB  LOCOMOTIVES. 

The  French  section  contained  far  the  largest  number  and 
the  greatest  variety  of  railway  machines,  apparatus,  and 
fixtures,  and  these  were  probably  fnir  exponents  of  the 
best  practice  of  that  country.    The  locomotives  exhibited 
by  the  French  railway  companies  and  manufacturers  were 
about  half  of  the  whole  number  exhibited  at  Paris.    They   ^^g^^?  ®^^*^ 
were  many  of  them  machines  which  had  been  in  the  actual 
service  of  the  French  roads,  and  nearly  all  represented 
types  in  ordinary  use  upon  those  lines.    All  were  remark- 
able for  the  wonderful  perfection  and  finish  of  the  work-   Remarkabieex. 
manship  and  the  excellence  of  the  materials  used  in  their  ®   "  V 
construction. 

Among  the  most  admirable  of  these  exhibits  were  those 
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presented  by  the  Western  Bail  way  Company  of  France. 
I  noticed,  among  others,  a  very  fine  locomotive  and  tender, 
mft^S^  ^  ^^^  ^^^^  ^  wheels,  of  which  4  were  coupled.    Its  machinery  is 

so  arranged  that  it  may  be  propelled  indifferently  either 

tbew^SernSiu^'^*^^^*^^  ^^  forward.    The  general  plan  of  the  machine  is 

indicated  in  Plate  I.  The  locomotive  is  reversed  by  a  screw- 
brake,  worked  by  the  waste  steam.  The  regulator  is  upon 
the  outside  of  the  dome,  at  the  outlet  of  the  steam-pipe. 

The  packing  of  the  piston-rods,  the  cylinders,  and  the 
regulator  is  metallic,  and  of  the  system  ^^Duterne."  The 
boilers  are  supplied  by  the  aid  of  two  suction-injectors  of 
the  system  "Turck.'^ 

The  bunkers  for  coal  and  the  tanks  for  water  are  about 
equal  in  capacity  to  those  of  an  ordinary  tender,  the  latter 
holding,  when  full,  1,430  gallons  of  water.  The  locomotive 
has  been  so  constructed  that  the  load  is  very  uniformly  dis- 
tributed over  the  several  axles,  that  upon  the  leading  and 
trailing  axles  being  nearly  equal,  as  are  also  the  loads  upon 
each  of  the  two  coupled  axles,  when  the  tanks  and  bunkers 
are  full,  half  full,  or  one-third  full. 

The  following  table  indicates  the  distribution  of  the  load 
in  the  three  cases : 

Distribution  of  toeights,  in  pounds. 


DeHoription. 


Distribution  of 
the  load. 

Leading 
axles. 

Driving 
axle. 

• 

Bearing 
axle. 

Trailing 
axle. 

Totals. 

Tanks,  etc.,  fally  charged 

Tanka  etc..  half  ftiU. 

21,600 
10, 176 
10,050 

27,150 
24,050 
24,250 

27,150 
24,840 
24,050 

22,000 
10,225 
18.350 

07,000 
88,700 
85,700 

Tanks,  etc.,  one-third  fall 

Dimensions. 


The  following  are  the  principal  dimensions  of  this  loco- 
motive, given  in  meters : 

Table  of  dimensions  4ind  other  particulars. 

Diameter  of  cylmders 0.420  meter. 

Stroke  of  pistons 0.560  meter. 

Exterior  length  of  fire-box 1.720  meters. 

Exterior  breadth  of  fire-box 1.120  meters. 

T*    •     1     -*!.    *^«^i.       (above 1. 420 meters. 

Interior  length  of  fire-box  J  ^,^^ 1.470meterB. 

Interior  breadth  of  fire-box 0. 932  meter. 

TT  ■  i.i.    ra^x.       -u  J.     (behind l.OOOmeters. 

Height  of  fire-box  above  grate  <  .     «      .  i  trt%      ^ 

^  ^  (  m  front 1. 150  meters. 

Length  of  tnbes  between  the  plates 4. 000  meters. 

Number  of  tabes.  ...^^...^^.....^  ...,*•«.• 149 

Interior  diameter  of  tubes «..  0.045  meter. 

„    ..  -        (of  fire-box fi.040  8q.  m«ten. 

Heating  surface  {  ^^  ^^ 93. 620  sq.  meters. 
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Total  heating  Boiface 99.660  sq.  meters.        gRAHCB. 

Sniface  of  fire-grate 1.370  sq.  meters. 

_  ,  (  of  water  in  boiler 2. 450  on.  meters. ,  Deeoilption  of 

volume   {     -  _^         .    ,    .,  <  ccn  i.        locomotive       of 

(  of  steam  in  boiler 1.550  cu.  meters.  Western  Railway 

Charge  of  fuel  (weight  in  fdmace) 4401b8.  ^'   ^^*®^* 

Volume  of  water  in  tanks 6. 500  on.  meters. 

Weight  of  fuel  in  bunkers 3, 000  lbs. 

Weight  of  locomotive  empty 72, 860  lbs. 

Weight  of  locomotive  in  complete  working  order. .  97, 900  lbs. 

Wheel  base 5. 100  meters. 

The  Western  Railway  CompaDy  exhibited  other  very  Exprew  engine, 
creditable  8i)ecimen8  of  their  locomotive  products,  among 
them  a  beaatiftil  express  engine  built  for  this  company  by 
the  8oci6t6  des  Batignolles.    This  locomotive  is  the  latest   Plate  2. 
development  of  a  type  introduced  about  1856,  when  the    Typeofisss. 
demand  for  locomotives  of  two  axles,  coupled,  and  wheels  of 
large  diameter,  with  interior  cylinders  and  exterior  distri- 
bution, for  moving  express  trains,  came  to  be  considered 
imperative.    These  engines  x>ossess  the  maximum  traction 
power  as  yet  attained  by  the  Western  Railway  Company 
with  locomotives  of  two  axles,  coupled,  and  a  tender  of  12 
tons. 

The  annexed  illustration,  Plate  2,  presents  an  outline   nimensioiia. 
view  of  this  locomotive.    The  dimensions  of  its  principal 
parts  are  given  below : 

Length  of  fire-grate 1.624  meters. 

Breadth  of  fire-grate 1.07B  meters. 

Snrface  of  fire-grate 1. 750  8<i.  meters. 

TTJT.xiFai.        1.  .tiii*  front 1. 170  meters. 

Height  of  flre-box  above  grate  J  ^^^^ ^^  ^^^^^^^ 

Capacity  of  fire-box 1.880  on.  meters. 

Length  of  tnbes  between  plates 3. 850  meters. 

Interior  diameter  of  tubes 0.045  meter. 

Namber  of  tabes 156 

Heating  snrface  of  tnbes 94.750sq.  meters. 

Heating  snrface  of  fire-box 7. 100  sq.  meters. 

Total  heating  snrface 101. 450  sq.  meters. 

Mean  diameter  of  boiler l.HOsq.  meters. 

Thickness  of  plate 0.014sq.  meter. 

Capacity  of  boiler  with  water  0.10  meters  above  top 

of  fire-box 2. 800  on.  meters.. 

Interior  length  of  smoke-box  along  boiler  axis 0. 700  meter. 

Interior  measurement  of  smoke-box  across  axis  of 

boiler. 1.148meters. 

Interior  diameter  of  chimney 0.420  meter. 

Diameter  of  cylinders 0. 420  meter. 

Stroke  of  pistons 0.600  meter. 

Nnmber  of  axles 3 

Wheel-base 4. 400  meters. 

Diameter  of  driving  and  bearing  wheels 1. 930  meten» 

Diameter  of  leading  wheels 1. 290  meteis.. 

28  P  R ^VOL  4 
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"^^^''        Weight  of  locomotive  upon  the  (  leading  azlo 11  tons  100  Ibe. 

rails  and  distribution  of  bnr-  ^  driving  axle 12  tons  500  lbs. 

ofwSSTlSl"    ^•«' (bearing axle...-  12 tons 600 lb*. 

way  Co.   Plate  2.  Weight  of  locomotive  in  working  order 36  tons  100  lbs. 

Weight  of  locomotive  empty 33  tons. 

Adhesion 4  tons  220  lbs. 

Description.  The  tender  used  in  connection  \nth  this  locomotive  is  also 
represented  in  the  diagrams  at  the  foot  of  Plate  2.  The 
frame  of  the  tender  is  entirely  of  iron,  the  tanks  and  bunkers 
resting  upon  a  wooden  floor.  The  buffers  are  arranged  so 
as  to  facilitate  the  passage  of  corves,  to  diminish  tbe  oscil- 
lation of  the  train,  and  to  diminish  the  concussion.  Tbere 
are  two  inner  buffers,  and  two  others  acting  in  the  ordiDary 
way.  The  coui)lings  between  the  engines  and  tender  and 
the  tender  and  train  are  strong,  and  arranged  so  as  to  imify 
the  movement  of  the  locomotive,  tender,  and  train. 

Tender.  Particulars  as  to  tender. 

Weight  of  wat^riu  tanks 6  tons     600  lbs. 

Weight  of  fuel  in  blinkers 3  tons  1, 100  lbs. 

Number  of  axles.... 3  tons 

Wheel  base 2.800  meters. 

Diameter  of  wheels 1. 120  meters. 

Weight  upon  rails  of  tender,  loaded,  (  forward  axle  .  11  tons     5G0  lbs. 

and  its  distribution  by  axles (  rear  axle 11  tons     550  lbs. 

Total  weight  of  tender  loaded 22  tons  1, 100  lbs. 

Total  weight  of  tender  empty 11  tons  1,650  lbs. 

schneider&co.  The  most  interesting  and  remarkable  collection  of  iron 
and  steel  manufactures  to  be  seen  at  Paris,  or  probably  ever 
exhibited  before  at  any  place  in  the  world,  was  that  of  MM. 
Schneider  &  Co.,  of  Creuzot,  at  their  large  pavilion  upontlie 
Champ  de  Mars.  Although  their  enormous  works — one  of 
the  largest  establishments  of  the  kind  in  the  world — ^produce 
almost  every  description  of  iron  and  steel  fabrics  used  by 
civilized  man,  and  manufacture  a  number  of  varieties  of 

i-**®*"^**^®^  locomotives  and  railway  machinery,  there  was  only  one 
mixed  trains,      locomotivc  in  their  collections  of  exhibits.     This  was  a 

powerful  and  well-finished  engine  and  tender,  made  for 
passenger  and  mixed  trains,  and  in  its  finish  and  in  its  con- 
struction well  worthy  of  the  splendid  reputation  of  its 
makers. 

Description.  The  engine  had  four  coupled  wheels  and  two  leading 
wheels.  The  piston-rods,  side-rods,  axles,  tires,  slide-bars, 
and  motive-pieees  were  made  of  steel.  Its  fire-grate  was 
quite  large,  and  admitted  of  the  use  of  fiiel  of  inferior  qual- 
ity. It  was  designed  to  be  run  at  a  speed  of  30  miles  an 
hour. 


Plate  No.  a. 


W — .- 
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PrinMpal  dimeiuiona  and  weights;  Creuzoi  locomotive,  fbamgb. 

Weight  in  working  order 79, 000  lbs.  Schneider  * 

Weight  empty 61,500  lbs.  Cc'slooomotiYe 

Sarface  of  grate i 1.75  8q.  meters. 

Heating  soiface  of  fire-box 7. 400  sq.  meters. 

Heating  soiface  of  tubes t   82. 000  sq.  meters.    I>in«>n«i<»»«- 

Total  heating  sarface 89.400  sq.  meters. 

Diameter  of  cylinders * 0.400  meter. 

Stroke  of  pistons 0. 600  meter. 

Diameter  of  coupled  wheels 1. 610  meters. 

Diameter  of  leading  wheels 1. 210  meters. 

The  three  locomotives  exhibited  by  the  Paris,  Lyons,  and  th^BS?^ Ly^' 
Mediterranean  Bail  way  Company  were  all  remarkable  forSaiuSwl*^ 
faithful  and  finished  workmanship  and  the  skill  displayed 
in  their  constmction.    Like  nearly  all  the  locomotiTes  ex- 
hibited in  the  French  section  they  were  taken  from  the 
actual  service  of  the  company,  and  represented  types  of 
which  there  are  a  number  of  each  kind  now  in  daily  use. 
The  business  of  this  line — the  artery  connectin  j]^  Paris  with 
the  Mediterranean  and  Italy — and  particularly  its  passenger  ^i^^^^J^j^gJ^J^ 
traflQc,  has  increased  so  rapidly  that  the  company  has  found  ^^^^*^ 
it  necessary  largely  to  increase  the  tractive  capacity  of  its 
locomotives,  and  in  the  past  few  years  the  company  has 
built  a  number  of  machines  of  great  power  and  designed  to 
be  run  at  a  high  rate  of  speed. 

One  of  the  locomotives  mentioned  above,  a  powerful  pas- giJi^^^pSte  8.*° 
8cnger  engine,  exemplified  the  latest  practice  of  this  impor- 
tant company,  and  may  be  selected  as  an  excellent  example 
of  a  type  of  heavy  passenger  locomotive,  adapted  to  either 
way,  fast,  or  express  trains,  highly  appreciated  upon  the 
Continent. 

This  engine  has  been  recently  fully  described  in  the  pages  ^ot^*- SS^. 
of  the  London  "  Engineering,"  and  the  illustration  given  of  it  *»c" 
in  Plate  3  and  most  of  the  particulars  here  mentioned  iu 
regard  to  it  are  used  by  the  courtesy  of  Mr.  William  H.  Maw,  wiiiiam  h.  Ma^r. 
one  of  the  editors  of  that  valuable  periodical. 

This  locomotive  was  made  at  the  shops  of  the  company  in  Descripuon  of 
1877-^78,  and  is  one  of  60  of  the  same  type  built  in  the  s!'''*''^*'  ^^^ 
last  few  years.  As  will  be  seen  from  the  illustration,  it  has 
8  wheels,  of  which  4  are  coupled ;  the  boiler  is  of  unusual 
length,  and  all  of  the  axles  are  under  it,  except  the  trailing 
axle,  which  is  under  the  fire-box;  the  cylinders  are  exterior 
and  of  large  capacity.    The  working  power  of  the  engine 
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FHANCK.      under  the  different  conditions  stated  is  shown  by  the  fol- 
lowing table : 


Padsenger    en-  " 

glue  of  the  Paris, 
Lyons,  and  Medi- 
terranean    Rail-  r«-        X       * . t 

way  Co.    Plates.  Character  of  train. 


Power  and 
speed  with  differ- 
ent    classes     of  Way 

trains.  Fast . . . 

Express 


Pi 


3 

O 


Weight  of  train,  ezolnslTe  of  engine  and  tender, 
drawn  on  the  gradients  given. 


00 


MOm. 
31 
37i 
44 


Level 


Tona, 

888 
277 
208 


1  in  400. 


Tont. 
257 
18» 
145 


1  In  200. 


Ton*. 
187 
137 

105 


1  in  100. 


Tom. 
109 
78 
67 


Description. 


Dimensions. 


lineo. 


Tong. 


67 
46 
80 


The  leading  and  trailing  axle>s  have  each  a  separate  spring 
for  each  axle-box ;  the  bi'arings  of  all  the  axles  are  inside, 
except  the  trailing  axle,  the  bearings  of  which  are  oatside. 
The  pistons  and  piston-rods  are  of  wrought  iron,  and  have 
their  stnffing-boxes  fitted  with  metallic  packing,  according 
to  the  system  known  as  "Duf  erne's." 

The  engine  is  reversed  by  a  screw,  and  is  fitted  with  Le 
Ohatelier's  counter-pressure  apparatus,  pipes  for  admitting 
a  mixture  of  steam  and  water  into  the  exhaust-pipes  when 
the  engine  is  reversed.  It  is  also  furnished  with  a  sand-box, 
provided  with  sand- valves  worked  from  the  foot-plate.  The 
horizontal  stays  between  the  sides  of  the  casing  above  the 
fire-box  crown  are  of  steel.  The  grate-bars  are  of  wrought 
iron,  steeply  inclined,  except  in  front,  where  thei^e  is  a  short 
movable  section  worked  by  a  gearing  so  arranged  that  it 
can  be  lowered  if  desired. 

There  is  a  horizontal  screen  arranged  in  the  smoke-box 
just  above  the  level  of  the  tubes  so  as  to  stop  the  passage 
of  cinders  and  sparks.  The  chimney  is  cylindrical  and  has 
a  damper  at  the  top.  The  blast-nozzle  is  variable  and  is 
placed  rather  high. 

The  brake  is  applied  by  a  Delpech  double  screw,  designed 
to  give  a  rapid  movement  to  the  blocks  until  they  are  nearly 
in  contact  with  the  wheels,  and  a  very  powerful  pressure 
afterwards.    The  brake-blocks  are  of  wood. 

Dimensiotu  and  other  particularB, 

Diameter  of  cylinders 19. 70  in. 

Stroke  of  pistonH 2  ft.    1.60  in. 

Diameter  of  coupled  wheels Oft.  lO.TOin. 

Diameter  of  leading  and  trailing  wheels 4  ft.    3.  SO  in. 

Wheel  base  of  engine 18  ft.    4. 30  in. 

Mean  diameter  of  boiler 4  ft.    0. 76  in. 

Thickness  of  boiler-plate 0.57  in. 

Nnmber  of  tnbes 104 

Length  between  tube-plates 16  ft.   9.20  In. 


BANEAN  RA 
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Plate  No.  3. 


Height  of  fire-box  crown  f 
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Inside  diameter  of  tnbes 1.81  in.        fbakcb. 

Ontside  diameter  of  tnbes 2.00  in. 

Length  of  fire-grate 6  ft.  11.30  in.     Passenger   eii 

Width  of  fire-grate 3  ft.    3. 80  in.  ^^^^M^'iSJ 

infront 4ft.    7. 80  in. -;«*°j^Kf -«^> 

at  back 2  ft.  10. 60  in. 

Volume  of  fire-box 86.5  en.  ft. 

Inside  diameter  of  smoke-stack 1ft-.    7. 70  in. 

Fire-grate  surface 23. 00  sq.  ft. 

fire-box 96.90 sq.  ft. 

tubes  (exterior) 1, 390. 00  sq.  ft. 

Total  heating  surface,  includuig  exterior  tube  surface .  1 ,  488. 90  sq.  ft. 

Sectional  area  throngh  tubes 2. 93  sq.  ft. 

Sectional  area  of  smoke-stack 2.128q.ft.     DimensioiiB. 

Hatio  of  fire-grate  area  to  heating  surface 1 :  64. 67 

Hatio  of  sectional  area  through  tabes  lo  fire-grate  area .  1 :    7. 86 

Hatio  of  sectional  area  of  chimney  to  fire-grate  area  .  1 :  10. 85 

Number  of  internal  diameters  in  length  of  tabes 107. 30 

Working  pressure  per  square  inch 128  lbs. 

Weight  of  locomotive  empty 40  tons     400  lbs. 

Weight  of  locomotive  in  working  order 43  tons  1, 900  lbs. 

Weight  of  fuel-carried  by  tender 4  tons. 

Water  carried  by  tender 2, 244  gals. 

AU6TBXA-HUN- 

LOCOMOTIVES  OP  AV8TRIAHUNQART.  ^^^' 

* 

There  were  4  locomotives  exhibited  in  the  section  of  Aus-    LocomotivM. 
tria-Hangary — one  was  a  small  tank-locomotive  for  service 
in  the  mines ;  the  others  representatives  of  the  best  types 
adopted  by  the  Austrian  and  Hungarian  railway  companies. 
All  were  admirably  constructed,  and  both  in  design  and  ex-  gtruot^^'*^" 
ecution  exhibited  a  degree  of  skill  which  entitles  their  mak- 
ers to  rank  among  the  mauufiicturers  of  the  best  railway 
material  produced  upon  the  Continent.    The  collection  of 
exhibits  of  the  Austrian  State  Bailway  Company  was  one 
of  the  most  interesting  and  instructive  to  be  seen  at  Paris. 
Their  exhibits  comprised  designs  and  models  of  the  various  ^^J^U^  ^^J 
descriptions  of  railway  machinery,  fixtures,  and  appliances  Austrian  nuiway 
actually  employed  in  the  service  of  the  company;  presenting 
in  an  attractive  form  a  full  and  satisfactory  view  of  Austrian 
railway  locomotive  practice. 

The  special  characteristic  of  the  locomotives  manufact-    AuBtriau  stat« 
ured  by  the  Austrian  State  Eailway  Company  is  the  excel-      ^*^ 
lent  arrangement  of  the  iire-box  and  fire-grate  for  the  pur- 
pose of  permitting  the  use  of  a  small  and  inferior  article  of  j^^P|JJ*jJ*JJJ^g; 
fuel  supplied  by  the  coal  mines  of  Kladno,  near  Prague,  fe"<"*  faei. 

and  Eossnitz,  near  Vienna.  These  coals  are  veiy  inferior 
in  their  flame-producing  properties,  and  contain  a  large  per- 
centage of  incombustible  constituents.  In  order  to  produce 
better  results  they  are  mixed  with  small  coal  from  the  Stey- 
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AUBTRiAHux-   eFcLorf  mines,  the  latter  and  the  coals  from  Eladno  b^ug 

usually  mixed  with  a  small  percentage  of  lump  coal.    The 

Locomotives  of  small  coals  from  Kladno  are  very  indifferent  in  quality,  give 
Rau^^Co.^***^  a  short  flame,  coke  with  difficulty,  and  contain  a  little  sul- 
phur and  20  per  cent,  of  cinders  and  stone.    The  Bossnitz 
mixed  coals  coke  badly,  are  very  sulphurous,  make  a  coke 
Peculiarity  of  of  bad  Quality,  and  contain  20  to  25  per  cent,  of  ashes.    Em- 

the      fuel      em-  i  .'  ?  xr 

ployed.  ployed  alone,  they  work  badly,  but  mixed  with  the  slack  coal 

from  the  Elladuo  mines  each  seems,  to  some  extent,  to  correct 
the  defects  of  the  other.  The  Steyerdorf  coals  are  of  ex- 
cellent quality,  resembling  the  English  semi-bituminous, 
give  a  good  flame,  make  excellent  coke,  are  only  very 
slightly  sulphurous,  and  contain  only  from  8  to  10  per  cent, 
of  ashes.  Their  intermixture  with  the  two  inferior  coals 
from  Kladno  and  Eossnitz  add  greatly  to  their  heat-pro- 
ducing capacity. 
Adaptation  of     The  introduction  of  the  new  types  of  locomotiv^e  now  in 

the  fire-box  and  "^  ^ 

grate  to  tho  kind  the  scrvicc  of  the  Austrian  Eailway  Company  has  rendered 
the  use  of  this  fuel  practicable,  and  effect'Cd  a  considerable 
reduction  in  this  item  of  railway -operating  expenses.  Since 
the  introduction  of  this  system  the  consumption  of  lump 
and  large  coals  upon  these  lines  of  railway  has  been  re* 
dueed  from  22,200  tons  in  1872  to  70  tons  in  1876. 

succees.  The  usc  of  thcsc  small  coals  by  the  Aastrian  Kail  way  Com- 

pany has  never  occasioned  any  practical  difficulty,  either  in 
respect  to  speed  of  trains,  regularity  of  train  movement,  or 
working  capacity  of  the  locomotives. 

Possible  need  The  abundaucc  and  cheapness  of  fuel  in  almost  all  parts 
alack  and  amau  of  the  United  States  have  not  as  yet  rendered  it  necessary' 

coala  in  looomo-  ,,     ,  .,  •iij  ^^j-  j 

tivca.  that  our  railway  companies  shoold  resort  to  devices  and 

methods  for  the  use  of  the  slack  and  small  coals  of  the 
mines  as  fuel  for  locomotives ;  but  there  are  large  sections 
of  the  country  where  the  question  of  cheap  fuel  is  already 
one  of  vital  interest,  and  it  is  one  of  more  or  less  impor- 
tance and  of  growing  interest  everywhere. 
Classes  of  loco-     The  Austrian  State  Railway  Company  employs  three  de- 
ShV^^ Austrian  scriptions  of  locomotives  constructed  with  reference  to  the 
uto    1  way  o.  ^^  ^^  slack  and  small  coals : 

(1)  Freight  locomotives,  having  8  coupled  wheels,  of 
which  there  are  30  in  use  and  10  in  process  of  construction. 

(2)  Locomotives  designed  for  service  at  stations,  having 
6  wheels,  all  coupled ;  of  these  there  are  already  17  in  the 
employment  of  the  company. 

(3)  Locomotives  designed  for  either  passenger  or  freight 
service  or  for  mixed  trains. 
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This  last-mentioned  type  has  been  selected  for  a  fuller  de-    aubtma-huk- 
scription  as  a  fair  exponent  of  the  system.    An  illastration 


of  it  is  given  in  Plate  4.  mJSuSS^^' 

The  fire-grate,  as  in  the  two  other  descriptions  of  loco- JJ*^^®^  state 
motives  mentioned,  is  made  very  large,  in  order  that  the  ^pJ^H^^^** 
depth  of  fuel  upon  it  may  not  be  considerable.    They  are 
supplied  with  the  Le  Chatelier  apparatus  for  reversing  the   i>ewription 
engine,  by  letting  into  the  cylinders  steam  and  water  in 
small  quantities  from  the  exhaust-pipes,  the  pipes  being  so 
arranged  as  to  prevent  dust  and  hurtful  gases  from  being 
drawn  in  from  the  smoke-box. 

The  boilers  are  of  Martin  steel ;  the  tube-plate  of  the 
smoke-box  is  of  copper ;  the  connecting  and  coupling  rods 
are  of  steel,  grooved  in  a  fashion  to  reduce  their  weight  as 
&r  as  practicable.  The  following  table  exhibits  the  average 
consumption  of  small  coal  upon  these  locomotives  : 


Coal  conBiiined  for  each  train  mile 

Coal  consumed  for  eaoh  one  hundred  tons  moved  one  mile 

Cost  of  coal  consomed  per  train  mile 

Goat  of  eoal  for  eaoli  one  hundred  tons  drawn  one  mile  ... 


Consumption 
of  coal. 


PovndM. 
60 

U 

11.05 
2.00 


Dimeimana  and  particulars. 

Length  of  fiie-grate 1.300 

Breadth  of  fire-grate 1.030 

Surface  of  fire-grate 1.  RiO 

^«*^^^^^^^{  arb^ttom::::::;:::;::;;::::  \Zl 

«       jxu    rji     ,.      (attop 1.090 

Breadth  of  fire-box  {     .  v  It  i  ac« 

(at  bottom 1.050 

Height  of  fire-box 1.538 

Heating  surface  of  fire-box 9.100 

Heating  surface  of  tubes 1*29.600 

Total  heating  surface 138.700 

Smoke-stack,  interior  diameter 0. 440 

Diameter  of  driving  wheels 1.4.50 

Diameter  of  coupled  wheels 1.450 

Diameter  of  body  of  wheels  withui  tires 1. 340 

Weight  of  driving  wheels 5,210 

Weight  of  each  pair  of  coupled  wheels 4, 295 

Diameter  of  driving  axles  at  center 0. 15H 

Diameter  of  coupled  axles  at  center 0. 158 

Diameter  of  spindle 0.166 


meters, 
meters, 
sq.  meters, 
meters, 
meters. 

meters, 
meters. 

meters. 

sq.  meters. 

sq.  meters. 

sq.  meters. 

meter. 

meters. 

meters. 

meters. 

lbs. 

lbs. 

meter. 

meter. 

meter. 
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AUBTBIA-HUK- 
OABT. 


Paaaenger  and 
mixed-train  looo- 
motiTe  of  Aus- 
trian State  Bail- 
way  Co.    Plate  4. 


DimenBiODS. 


Distribution  of 
weight. 


Springs: 

Distanoe  between  points  of  suspension 

Breadth  of  plates 

Thickness 

Number  to  each  spring 

Mechanism : 

Diameter  of  cylinders 

Stroke  of  piston 

Length  of  connecting-rods 

Greatest  breadth  of  locomotive 

Boiler : 

Length  of  boiler 

Exterior  diameter 

Number  of  tubes - 

Exterior  diameter  of  tubes 

Length  between  tube- plates 

Volume  of  steam,  with  water-line  105™™  above  top 
of  ftrebox 

DiBtrihution  of  weight. 


0. 970  meter. 
0. 900  meter. 
0. 100  meter. 

17 

0.450  meter. 
6. 650  meter. 
1. 900  metem. 
2.790meteiB. 

4. 020  meters. 
1. 300  meters. 

175 
0. 052  meter. 
4. 550  meters. 

1. 610  en.  meters. 


On  leading  wheels 
On  driving  wheels 
On  trailing  wheels 


itoptr.  ^:ss^ 


Tim$. 
10.07 
1L37 
1180 


ISLTS 
12.70 
12. 7& 


Total 


84.20 


8&ao 


Fire-boxes. 


Average  kMd.  The  average  load  hauled  during  the  year  1877  by  these 
locomotives  was  340  tons.  The  company  already  has  20 
machines  of  this  type,  and  they  are  represented  to  have  done 
excellent  service. 

The  fire-boxes  in  use  upon  the  locomotives  of  this  company 
are  of  copper,  though  experimental  tests  are  now  being  made 
of  fire-boxes  made  of  a  very  soft  Martin  steel.  The  stays  found 
to  give  the  best  results  are  those  made  of  copper.  Iron  or  steel 
stays  have  not  been  found  very  desirable.  The  copper  used 
is  required  to  have  a  resistance  of  24  kilograms  for  each 
square  millimeter,  or  34.135  lbs.  per  square  inch,  and  an  ex- 
tension capacity  of  20  per  cent,  before  fracture. 

The  company  has  215  boilei*s  of  Bessemer,  Martin,  or  cast 
steel.  Experience  upon  the  Austrian  roads  shows  that  they 
corrode  very  rapidly,  the  corrosion  being  doubtless  greatly 
accelerated  by  reason  of  the  inferior  character  of  the  fuel 
used.  The  corrosion  of  steel  and  iron  boilers  is  believed  to  be 
about  the  same.  Upon  this  line  the  vital  parts  of  the  boilers 
have  to  be  replaced  after  every  tliree  or  four  years  of  active 
service.  The  past  experience  of  the  Austrian  State  Com- 
pany has  shown  that  the  best  material  for  the  manufecture 
of  boilers  is  a  soft  homogeneous  steel  not  liable  to  harden 
readily.    Such  a  metal  is  believed  to  have  been  obtained  io 


Boilers. 


f 
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a  steel  now  being  made  by  the  Martin  process  at  the  com-   ^''"J^^^^- 
pany's  works  at  Eeschicza.  


The  experimental  tests  made  by  Professor  Jenny,  of  the   PM8e]i«;er  and 
Polytechnic  School  of  Vienna,  with  the  boilerplates  mann- ^u^i^^S^^S^- 
factored  tor  this  company  at  their  works  at  Simmering,  show  cof  ^iMlte^^*^ 
that  the  metal  of  which  they  are  made  is  sufficiently  soft  to  re- 
move any  apprehension  as  to  their  liability  to  sudden  raptnre. 

The  boiler-tubes  of  the  company's  engines  are  of  brass,   i>«wripti<m- 
the  composition  of  which  is  30  parts  zinc  and  70  parts 
copper.    They  are  all  of  the  same  diameter — ^interior,  0.048 ; 
exterior,  0.052. 

The  following  compositions,  designated  as  bronzes,  are   compositLon  of 
nsed  for  the  several  purposes  mentioned : 

(1)  For  locomotive  bearings,  slide-valves,  valves,  etc.,  84 
parts  of  copper  and  16  parts  of  tin. 

(2)  For  coach  and  car  bearings,  85  parts  of  copper  and  15 
of  tin. 

(3)  For  the  various  cocks,  etc.,  90  ports  of  copper  and  10 
of  tin. 


Oneof  the  most  admirable  machines  exhibited  at  Paris  was    Pusenger  and 

mixed-train  looo- 

the  jwwerful  locomotive  built  at  the  works  of  the  Hungarian  ^^^  ^  *^® 
State  Bailways  at  Buda-Pest  for  the  Theiss  Bailway.    In  of  Hungry. 
simplicity  of  construction  it  approached  more  nearly  to  the 
best  tyx>es  of  American  and  Euglish  locomotives  than  the 
locomotives  built  by  the  European  Oontinental  railway  com- 
panies generally  do.    It  represents  a  design  entirely  new   Ketf  design. 
and  but  recently  adopted  by  the  Theiss  Bailway  ^ompany. 
It  is  built  for  the  purpose  of  hauling  passenger  and  mixed 
trains  at  a  high  speed.   It  has  an  actual  tractive  power  upon  Tiactdve  power. 
a  gradient  of  1  in  800,  as  follows :  750  tons  at  a  speed  of  15 
miles,  500  tons  at  a  speed  of  22  miles,  and  300  tons  at  a 
speed  of  37  miles  per  hour. 

Plate  5  gives  a  fair  illustration  of  this  superb  machine. 

There  are  no  curves  of  short  radii  upon  the  Theiss  Bail-   Besoription  of 
way,  and  accordingly  it  was  not  found  necessary  to  allow     **** 
any  lateral  play  to  the  axles  of  this  locomotive,  though  its 
wheel-base  is  11'  8". 

As  wUl  be  seen  from  the  engraving,  this  machine  has  6 
wheels,  all  coupled,  and  its  cylinders  are  exterior.  It  is  de- 
signed with  reference  to  the  use  of  wood  as  its  fuel,  and  is 
provided  with  Klein's  spark-arrester.  Two  injectors  of 
Friedman's  system  supply  the  boiler,  one  of  7  and  the  other 
of  9  millimeters.  The  dome  is  larger  than  usual  and  con- 
tains the  regulator. 
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jAHRiM^Huii.       The  arrangements  for  the  distribaticn  of  steam  are  after 

'■ the  system  of  Mr.  Stevenson,  except  that  in  place  of  the 

Looomotive  of  valvc  in  Ordinary  use  there  is  a  spiral  spring  which  serves 
SnoDga^^*'^  to  equalize  the  weights  of  the  valve-slides  and  appurte- 
nances. The  piston-rods  pass  entirely  through  the  forward 
heads  of  the  cylinders,  as  indicated,  an  excellent  arrange- 
ment for  supi)orting  the  piston  and  securing  smoothness  of 
DeaoiiptioD.  action.  The  springs  are  adjusted  below  the  axle-boxes,  and 
those  of  the  driving  and  trailing  axles  are  coupled  by  com- 
pensating beams. 

It  is  claimed  that  this  locomotive  has  the  merit  of  estab- 
lishing the  feasibility  and  advantage  of  applying  perfectly 
BqnipoiBed  equipoised  valves  to  locomotives,  an  arrangement  so  often 
^^  attempted  without  success.    The  tires,  axles,  springs,  con- 

necting and  coupling  rods,  valve-spindles,  piston-rods,  and 
motion-bars  are  of  cast  steel }  the  wheels  and  axle-boxes  are 
of  wrought  iron ;  the  valve-gearing  of  refined  wrought  iron. 
All  the  joints  are  case-hardened. 
The  matoriaia     Almost  all  of  the  materials  used  in  the  construction  of  the 

the    prodaot    of 

Hnngmry.  machme  are  the  products  of  Hungarian  factories.     The 

plates  of  the  boiler-frames,  the  boiler-plates,  and  the  refined 
iron  used  in  the  construction  of  other  parts  of  the  locomotive 
are  from  the  Boyal  Hungarian  Iron  Works  of  Brazowa; 
the  copper  from  the  copper  works  of  Upper  Hungary }  and 
nearly  all  the  steel  used  from  the  works  of  the  Austrian 
State  Railway  Company  at  Beschicza.  The  cost  of  this 
locomotive  delivered  in  the  station  at  Buda-Pestis  $10,700. 

DimeMioHB  of  locomotive  and  partieulars. 

Dfaneniioiis.      Diameter  of  cylinders 0. 420  meter. 

Stroke  of  pistons 0.630  meter. 

Diameter  of  driving  wheels 1.617  meters. 

Wheel  base 3. 650  meters. 

Diameter  of  barrel  of  boiler 1.3SH  meters. 

^length 1.930  meters. 

Fire-grate^  breadth 1.020 meters. 

(surface 1.970Bq.  meters. 

{interior  length 1.900  meters, 

interior  breadth 1. 100, 1. 120  meters, 

interior  height 1, 130, 1. 470  meters. 

Interior  heating  surfSEMse O.OOOsq.  meters. 

nnmber 166 

length  between  plates 3.500  meten. 

exterior  diameter 0.052  meter. 

heating  sorface 95.000  8q.  meters. 

Total  heating  surface  of  machine 104.000  sq.  meters. 

Weight  of  locomotive  empty 30  tons. 

Weight  of  looomotiYe  ready  for  work 34  tons. 


IINS  DE  PER 


Plate  No.  8 


1 1 
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BRITISH  LOCOMOTIVES,  GBBAT  bbitadi. 

The  locomotives  exhibited  in  the  British  section  weie,  as   z^oeomofiMff. 
may  be  said  of  the  machinery  exhibits  of  the  United  King- 
dom generally,  remarkable  for  the  skill,  the  directness,  the 
strong  common  sense,  and  the  faithfulness  illustrated  in 
their  constructioD. 

A  splendid  proof  of  the  practical  mechanical  skill  and 
high  attainments  in  mechixnutal  engineering  of  the  English 
was  furnished  by  the  locomotive  niunufactured  by  Messrs.    LooomotiTe  of 
Sharp,  Stewart,  &  Co.,  of  Manchester,  a  machine  of  such  co.    '     ^" 
excellent  design  and  workmanship  that  it  well  deserves  to 
be  chosen  as  illustrative  of  the  best  locomotive  practice  of 
the  British  railways.    The  agent  in  charge  of  the  very  cred- 
itable collection  of  exliibits  of  Messrs.  Sharp,  Stewart,  &  Go. 
was  kind  enough  to  refer  the  writer  to  an  exhaustive 
description  of  this  machine,  which  was  prepared  for  and 
^  appeared  in  ''Engineering,"  for  full  particulars,  and  I  am    Plate  a^  from 
indebted  to  that  paper  for  the  details  now  given  and  thenewing." 
illustration  of  the  machine  on  Plate  6. 

This  engine  is  designed  for  express  passenger  service,  Description, 
and,  as  shown  in  the  engraving,  has  inside  cylinders,  2  driv- 
ing and  2  trailing  wheels,  all  coupled.  It  combines  in  its 
construction  the  practice  of  Messrs.  Sharp,  Stewart,  &  Go. 
and  that  adopted  by  the  !N'orthwestern  EaUway  Gompany 
of  England,  in  its  design  embracing  the  most  approved 
features  of  English  railway  locomotive  engineering.  ''The  Devils  and  ai. 
cylinders  are  18''  in  diameter,  the  coupled  wheels  are™*°"***^ 
&  &'  in  diameter,  and  the  tractive  force  is  calculated, 
therefore,  to  be  103.8  lbs.  for  each  pound  of  effective 
pressure  per  square  inch  on  the  pistons."  The  leading 
wheels  are  4f  in  diameter.  The  cylinders  are  placed  close 
together,  and  thus  the  driving-axles  admit  of  very  long 
bearings;  and,  to  allow  this,  the  valve-faces  have  been 
placed  above  the  cylinders  and  inclined  both  laterally  and 
longitudinally.  The  piston-rods,  connecting  and  coupling 
rods  are  all  of  Bessemer  steel.  The  pistons  are  filled  with 
gun-metal  packing-rings.  There  are  only  two  guiding-bars 
to  each  cylinder,  and  those  are  supported  by  the  motion- 
plate  at  some  distance  from  their  rear  ends,  the  arrange- 
ment being  such  that  the  cross-heads  can  be  drawn  out 
without  taking  down  the  bars.  The  slide-bars  are  of  case- 
hardened  wrought  iron.  The  link-motion  is  of  the  kind 
known  as  the  ^' Allan  straight-link"  type,  and  all  thoroughly 
case  hardened. 

The  engine  is  reversed  by  a  screw  with  hand- wheel  fixed 


444  UNIVERSAL   EXPOSITION  AT   PARIS,  I87a 

QBEAT  BBiTAiK.  qq  qj^q  Qf  ^q  i^\^^  splaslies.    The  coupling  is  very  simply 

effected  by  rods  with  solid  ends  with  bashes  forced  in. 

siia^stowt^  ^^^^  ^^^  crank  pins  are  all  of  Bessemer  steel,  as  also  are  the 

Co.  Elated.       a^^j,^ 


The  hearings  of  the  axles  of  the  driving  and  trailing 
wheels  are  9^^  long  and  7^'^  in  diameter,  and  those  of  the 
leading  axle  are  1(K'  long,  with  a  diameter  of  6^'^ 
d^^oM?^*"*     "  -^^^  driving  and  trailing  axle-boxes  are  of  case-hardened 

cast  iron,  working  in  guides  of  cast  steel  not  fitted  with 
wedges.  The  leading  axle-boxes  are  of  cast  iron,  working 
in  cast-iron  guides,  there  being  a  lateral  play  of  i"  allowed 
in  each  direction  between  the  fiauges  of  the  boxes  and  the 
horn-blocks,  the  boxes  being  provided  with  doable  inclined 
caps  of  wrought  iron.  The  total  wheel-base  of  the  engine 
is  16'  3",  but  the  rigid  wheel-base  is  only  8'  8".  The  wheels 
are  all  of  wrought  iron,  with  cnicible  steel  tires,  secured  by 
an  outer  clip  fastening  and  set  screws.  The  frames  are  of 
wrought  iron  V  thick,  1'  6''  deep  for  the  main  part  of  their 
length,  and  4/  1^"  apart.  The  buffers  are  of  wrought  iron. 
The  boiler  is  of  the  flushed -topped  fire-box  type,  with  plates 
arranged  telescopically."  The  diameter  of  the  boiler  is  4'  1" 
inside  the  smallest  plate.  The  fire-box  casing  is  5'  W  long 
outside  by  4'  i"  wide  at  the  bottom,  and  4'  IV  deep  below 
center  line  of  the  boiler.  The  boiler-shell  is  of  Bowling  plate ; 
sides,  barrel,  and  top  of  fire-box  casing  are  i"  thick,  and  the 
front  and  back  plates  ^V^*  "^^^  smoke-box  tube-plate  is 
i''  thick,  and  is  flanged  forward  to  join  the  smoke-box 
plates,  it  being  connected  with  the  barrel  by  an  angle-iron 
ring.  The  inside  fire-box  Is  of  copper,  the  plates  being  i", 
thick,  except  the  upper  part  of  the  tube-plate,  which  is 
about  i"  thick.  The  fire-box  crown  is  stayed  by  longi- 
tudinal roof-stays  and  by  sling-stays,  as  shown.  The  boiler 
contains  219  brass  tubes,  1^'^  in  diameter,  W  (h^"  long 
between  the  tube-plates,  and  Nos.  12  and  14  wire-gage  thick 
at  the  fire-box  and  smoke-box  ends,  respectively. 

The  safety-valves  are  arranged  to  blow  at  a  pressure  of 
140  lbs.  x>er  square  inch,  and  are  placed  on  top  of  the  fire- 
box casing.  Tlie  boiler  is  supplied  by  two  injectors,  one 
No.  7  and  one  Ko.  9.  The  cylinder  and  valve  casings  are 
oiled  by  means  of  an  automatic  lubricator,  of  which  the  de- 
tails are  indicated  in  the  figures.  There  is  a  large  dome  on 
top  of  the  boiler,  on  which  is  the  regulator. 
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Heating  turfooe,  etc.  qbkat  PBrrAPf. 

Heating  BOTfiuse  of  tabes,  outside  smface 1,134.00 

Heating  sni&oe  of  fiie-box 106.00     mJjJJ'S^*'^®  **' 

Total  heating  surface 1,239.00     CaPlntee. 

Fire-grate  area 17.70 

Sectional  area  through  tubes ' 3.29 

Least  sectional  area  of  chimney 1.23 

Ratio  of  total  heating  surface  to  grate  snrface 70 :  i    Blmens^oiiB. 

Ratio  of  grate  surface  to  sectional  area  of  tubes 5.38 : 1 

Ratio  of  grate  surface  to  least  sectional  area  of  chimney. .  14.4 : 1 

Ratio  of  tubestuface  to  fire-box  surface 10.8:1 


There  were  several  locomotives  of  exceptional  types  ex-  ^^birt  iwrUe. 
hibited  in  the  British  section^  particularly  those  of  Mr.  Bob-  qJ^^^  waiker  & 
ert  Fairlie,  of  Fox,  Walker,  &  Co.,  and  of  Black,  Hawthorn,  thSS^l' co^*^" 
&  Go.    These  will  be  considered  in  another  connection  in 
this  report.    There  was  also  an  excellent  locomotive  ex- 
hibited by  the  London,  Brighton,  and  South  Coast  Railway  taJ^MT^uS; 
Company,  which,  in  its  finish  and  beauty  and  simplicity  of^***"*^'^^*^- 
construction,  was  worthy  of  high  commendation. 


Railway  rolling  stock.  «took.^^"^ 

The  plan  of  the  passenger  cars  generally  adopted  in  Eu- 
rope possesses  marked  differences  from  that  usually  prevail- 
ing in  America;  but  a  few  examples  will  suffice  to  present 
a  fair  view  of  the  European  system,  and  to  exhibit  the  points 
of  contrast  between  it  and  our  own. 

There  were  48  railway  cars  exhibited  at  Paris,  of  which  hiwSng?*^***"' 
31  were  from  France,  7  from  Austria-Hungary,  4  from  Bel- 
gium, 3  from  Sweden,  2  from  Italy,  and  1  (a  Pullman  sleep- 
ing-car) from  the  United  States. 

FRENCH  RAILWAY  GARS.  fbahck. 

The  French  exhibit  of  railway  rolling  stock  was  not  only 
the  largest,  but  much  the  most  satisfactory,  because  the 
most  foirly  representative  of  the  practice  of  the  country 
it  was  designed  to  illustrate. 

The  collection  of  the  Western  Bailway  Company  of  France         FirstroiuM 
contained  some  fine  exhibits  of  railway  rolling  stock.    TheweitemBaawAy 

.„       ^        .         _,         .  ,.«,«,  Co.    Plate?. 

illostration,  Plate  7,  represents  a  beautiful  first-class  pas- 
senger coach,  containing  four  compartments,  exhibited  by 
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"^^-      this  company.    Each  compartment  is  designed  to  seat  com- 
fortably eight  persons.    The  interiors  of  the  compartments 
ooaoiL^trtSB*"*®  handsomely  upholstered;  the  window-ftumes  are  snr- 
B^2»y  Co.       rounded  by  moldings  trimmed  with  velvet;  the  lower  joints 

of  the  doors  are  trimmed  with  Wilton  carpeting;  the  seats 
and  the  sides,  front,  and  back  of  each  compartment  are 
cushioned  luxuriantly.  All  the  appointments  of  the  car 
are  sumptuous.  It  is  supplied  with  fixed  ventilators,  a 
double  floor,  and  double  ceiling,  and  at  night  the  compart- 
ments are  lighted  by  large  lamps. 
DeMiiption.  Xhc  firamc  is  of  iron.  India-rubber  cushions  are  placed 
between  the  body  and  the  frame,  and  the  springs  are  mounted 
with  suspension  loops.  This  car  is  intended  for  service  in 
fast  trains,  and  is  furnished  with  the  Westinghouse  air- 
brake. 

Principal  dimensions  and  tDeighis* 

DimensioiiB.      Frame  supports  of  iron  oross-beams,  wood : 

Total  length  oyer  buffers 9. 250  meters. 

hength  of  frame  oyer  lead-stocks 8. 150  meters. 

Carrying-springs : 

Number  of  plates 14 

Breadth  and  thickness 90  x  10  miUimeters. 

Length  of  top  plate  between   points  of 

suspension  2. 000  meters. 

Deflection  per  ton  of  load 90  ndllimetera. 

Draw  and  buffer  springs: 

Number  of  plates 13 

Breadth  and  thickness   75  x  11  millimeters. 

T^^^v.  ^^  «»,w>»  «ia*^  5  buffer 1. 750  meters. 

Lengthof  upper  plate  I  ^^^^ LOOOmeters. 

Tk^fl^o«4»«  Ax»  «««!,  ♦««  $  buffer 75. 000  millimeters. 

Deflection  for  each  ton|^j^^ 12. 500 miUimeters. 

Body  of  car: 

Greatest  length  of  body  of  car  along  axis. .  8. 270  motors. 

Breadth  at  center 2. 690  motors. 

Breadth  at  ends 2. 660  motors. 

Height  from  floor  to  roof,  interior,  at  center 

of  compartment 1. 950  motors. 

Number  of  compartments 4 

Area  of  floor  of  car 19.950sq.  met-ers. 

Space  allowed  each  passenger  (including  seat 

room) 9.050  8q.  foot. 

Running-gear,  three  axles : 

Diameter  of  spindles 0.100  meter. 

Length  of  spindles 0.180  meter. 

Diameter  of  axle  at  center 0.130  meter. 

Diameter  of  axle  near  the  journal 0. 145  motor. 

Diameter  of  axle  at  the  Journal 0. 150  meter. 

*  The  dimensions  in  this  and  other  cases  are  giyen  in  meters  to  oon- 
Ibrm  to  the  drawings,  which  are  laid  off  by  the  metrical  scale. 
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Plate  No,  7. 
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Wheels,  type  '*  Mansell"  (tires  of  steel,  cores  of  fbikcb. 

iron): 

Thickness  of  iron  core 0.130  meter.  First-olaas 

Diameter  within  tire 0.920meter.  SS^ycIr*^ 

Diameter  from  out  to  out  of  tire 1.030  meters.  Plate?. 

Weight  of  car,  empty 21,3841bs.  Load, ooBt» etc. 

Maximum  load,  each  passenger  and  his  hand- 
baggage  being  estimated  to  weigh  165  lbs.    5, 280  lbs. 

Weight  for  each  passenger 825  lbs. 

Cost  of  coach  at  factory,  including  brake..  |3,000 

Ratio  of  diameter  of  spindles  to  that  of  the 
wheels 0.097 

Mean  weight  of  each  axle,  mounted 2, 050  lbs. 

Wheel-base 17  ft.  10  in. 

Maximum  load  per  axle 6  tons. 

There  were  two  very  comfortable  and  elegant  salon  cars  « 

exhibited  in  the  French  section,  one  shown  by  the  North- 
ern Bailway  Company,  affording  OfCCommodations  for  not 
more  than  twelve  persons,  and  one  designed  and  mann- 
factui-ed  by  M.  E.  Chevalier,  Paris.  The  latter  was  de-  M-B-Chevaiier. 
8i$;ned  to  accommodate  a  family  or  small  party  traveling  FsmJiycoaoh. 
together.  It  was  subdivided  into  a  salon,  a  sleeping  apart- 
ment, a  kitchen,  a  lavatory,  etc.  It  could  accommodate 
only  six  passengers  and  two  servants.  Both  of  these  cars 
"weTQ  handsomely  finished  and  comfortably  arranged,  but 
were  deficient  in  economy  of  space,  and  in  this  respect  vastly 
interior  to  the  system  of  drawing-room  and  sleeping  cars  in 
use  upon  the  railways  of  the  United  States,  of  which  latter 
class  of  vehicles  the  Pullman  sleeping-car  exhibited  in  the 
American  section  was  a  splendid  illustration. 

AUBTBIA-Binr- 

AUSTRIAN  RAILWAY  OARS.  OART. 


There  were  in  the  Austrian  section  several  passenger 
coaches  and  one  postal  car,  all  of  which  were  creditable 
examples  of  the  railway  practice  of  that  country.  There 
wei-e  also  exhibited  some  designs  of  very  well  arranged 
cars  and  coaches  in  the  service  of  the  Austrian  State  Bail- 
way  Company.  These  do  not  differ  radically  from  the  cars 
used  upon  the  railways  of  other  European  countries. 

Views  are  given  of  three  of  the  passenger  cars  of  this conoheBASSSm 
company  in  the  accompanying  illustrations.  state  Kaiiway. 

Fig.  1  represents  a  first-class  passenger  car.    The  two      ^  lirat-daaB 
middle  coupis  are  in  the  ordinary  style  of  compartments  for 
fii^t-class  passengers ;  the  coupSs  at  each  end  are  provided 
with  shifting  seats,  which  mny  be  so  adjusted  as  to  enable 
the  passenger  to  recline  comfortably,  called  fauteuils-Uts. 
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^""?I^v"''**    ^^^  middle  compartments  seat  six  passengers  each,  and 

*  *  A  Ft  *  •  ' 

the  coupSs  d,  fauteuils'lita  three  each.    The  principal  dimen- 


Austrian  State  sions  of  the  car  and  compartments  are  indicated  in  the  en- 

BAilwav:      flnt-  •         •  . 

oiaBsooaoh.  Big.  graving  m  meters. 

''"^*  The  weight  of  the  car  is  9  tons;  weight  for  each  pas- 

senger carried,  1,110  lbs. ;  number  of  passengers  carried,  18. 

ooaof^gm?     ^^^-  ^  represents  a  second-class  passenger  car  of  the 

Aostrian  State  Eailway  Company,  built  in  1876,  giving  an 
exterior  and  interior  view.  The  frame  is  of  iron  and  wood; 
the  panels  of  the  body  of  sheet-iron,  as  is  also  the  roof; 
the  seats  and  backs  are  upholstered  with  green  morocco 
and  the  panels  with  oil-cloth ;  it  has  four  compartments, 
each  seating  8  persons.  The  car  weighs  9^  tons,  or  600  lbs. 
for  each  passenger  carried.  The  principal  dimensions  are 
•  indicated  in  the  engraving  in  meters. 

ooftob^^^^^     Fig.  3  gives  an  exterior  and  interior  view  of  an  ordinary 

third-class  passenger  car  of  this  company  and  its  principal 
dimensions  in  meters.  The  frame  is  of  wood  and  iron ;  the 
panels  and  roof  of  sheet-iron ;  wooden  benches,  with  seats 
and  backs  uncushioned.  Weight  of  car,  17,700  lbs. ;  weight 
for  each  passenger  carried,  390  lbs. ;  number  of  passengers 
carried,  50. 
Freight  car.  Fig.  4  represents  a  freight  car  of  the  ordinary  type  in  use 
upon  the  Austrian  State  Railways.  The  frames  are  of  wood 
and  iron,  roof  of  sheet-iron,  frame  of  the  body  of  car  of 
oak,  with  vertical  strips  of  hard-pine  plank  from  the  top  to 
the  bottom.  Weight  of  car  without  the  brake,  13,630  lbs. : 
maximum  load,  10  tons;  dead  weight  for  each  ton  of  load« 
1,265  lbs. 

A  sleeping-car,  elegantly  finished  and  comfortable  in  its 
appointment's,  of  a  type  recently  introduced  upon  the  Aus- 
trian State  railways,  merits  a  fuller  notice, 
sieoping  car.     This  coach,  Plate  8,  was  designed  after  a  careful  study  of 

^'•***'  the  different  kinds  of  sleeping-cars  in  use  in  Europe  and 

America,  and  was  intended  to  supply  a  want  which  was  felt 
not  to  have  been  fully  met  by  any  of  the  types  heretofore 
introduced. 

The  plan  of  these  coaches  is  entirely  experimental,  Imt  it 
is  hoped  that  a  fair  trial  will  show  them  to  be  what  is 
claimed  for  them,  an  improvement  upon  the  older  styles \)f 
sleeping-cars,  at  least  in  respect  to  the  demands  of  Euro- 
pean travel.  They  are  manufactured  at  the  workshops  of 
the  company  at  Simmering. 
Deacription.  The  Car  Comprises  two  divisions.  The  first  division  em- 
braces two  compartments,  each  of  which  may  in  turn  be 
subdivided  into  two  separate  sections,  in  each  of  which  the 
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Fig.  3.— Sd-class  passenger  eoacli  of  Austrian 
Railway  Company, 


a    t 


RAILWAY   APPARATUS:    COMMISSIONER   ANDERSON.  449 

passenger  may  sleep  and  make  his  toilet.    The  second  divis-    ^^^q^^^^^' 
ion  comprises  three  distinct  compartments,  in  each  of  which  —    - 
the  traveler  may  sleep  and  make  his  toilet  in  privacy. 

Eachof  thefirsttwocompaitmentsaffords  accommodations    Austrian  state 
for  four,  and  upon  an  emergency  six,  persons  during  the      ^*^' 
day  and  two  at  night.    The  whole  car  will  thus  afford  sleep-      sieeping-oar. 
ing  accommodations  for  seven  persons,  and  in  the  daytime 
will  seat  eleven,  and  if  necessary  thirteen,  ])crsons.    It  is 
provided  with  lavatories  and  a  water-closet ;  a  place  for  the 
gaard ;  a  closet  for  bed  linen,  etc. ;  and,  what  is  extremely 
rare  outside  of  the  United  States  and  Canada,  a  water-cooler 
for  iced  drinking  water.    As  will  be  seen  from  the  illustra- 
tion, Plate  8,  a  passage  nms  through  the  whole  car,  so  that 
there  maybe  ready  communication  between  the  different 
sections  and  compartments.     This  passage,  however,  is    De«cripti<m. 
closed  by  a  door  between  the  first  and  second  division  and 
again  between  the  two  compartments  of  the  first  division. 
The  compartments  have  double  windows,  one  of  the  sashes 
being  furnished  with  glass  and  the  other  with  blinds  ot 
wire  gauze.    At  night  the  p<assage  is  lighted  by  means  of 
lamps  and  the  compartments  are  lighted  by  candles. 

The  extreme  wheel-base  is  15.925'.  The  total  weight  of 
the  car  in  running  order  is  27,770  lbs.  The  dead  weight  for 
each  passenger  carried  is,  at  night,  3,968  lbs. ;  by  day,  with 
eleven  passengers,  2,526  lbs.,  or  with  Ihii-teen,  2,136  lbs. 

The  enormous  dead  weight  which  such  an  arrangement  of 
a  coach  necessitates  renders  it  far  from  economical,  but 
apart  jfrom  considerations  of  economy  the  car  is  an  ex- 
tremely comfortable  and  luxurious  one. 

yarrow-gage  railwaySj  tramways^  engines^  and  cars.         ratZiMtST**^^*^* 

Notwithstanding  the  profound  attention  which  the  ques  Thoqurstionof 
tion  as  to  the  proper  gage  to  be  adopted  for  railways  has  ^"^  ""^  '^*^^''*^ 
received  at  the  hands  of  railway  engineers  and  construct- 
ors, and  the  immense  sums  expended  in  practical  experi- 
ments as  to  the  special  advantages  of  the  various  gages 
which  have  been  suggested,  the  question  cannot  be  re- 
garded in  Europe,  any  more  than  in  America,  as  finally  set 
tied. 

The  gage  adopted  in  Germany  and  generally  throughout  standard  Euro- 
Europe  is  4'.  8y.  between  the  rails.  The  gage  in  France  pronch  gage. 
upon  the  main  lines  is  4'  8^"  and  4'.  9".  Still,  there 
are  men,  thoroughly  acquainted  with  the  subject,  who  in- 
sist that  under  certain  conditions,  existing  to  a  greater  or 
less  extent  in  large  sections  of  almost  every  country,  a  pige 
narrower  than  the  standard  width  should  be  adoptoil,  and 
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raUw^V^^^^^  they  urge  the  advantages  of  cheapness  of  constrnction  and 
economy  and  efficiency  of  working  roads  of  the  width  of  a 
meter,  or  a  little  more  or  less,  with  as  much  earnestness, 
and  their  views  are  combatted  by  the  advocates  of  the  pre- 
Tbe  battle  of  vaiUng  gagc  with  as  much  vehemence,  as  though  the  battle 
0  gages.  ^fy^^  freshly  joined.    The  feeling  manifested  in  these  dis- 

cussions must  occasion  some  surprise  to  one  who  brings  to 
the  consideration  of  the  subject  no  preconceived  notions 
and  no  prejudices  or  special  predilections. 
Aavocuten  of     Among  the  advocates  of  the  broad,  the  standard,  and  the 

the  bpooa,  stand-  ^-       i      ^i  i  .     j.  » 

arci,  an.i  m.itow.  iisirrow  gagcs  respectively  there  are  men  whose  studies  and 

**^*'  attainments,  whose  sl^ill,  and  practical  acquaintance  with  the 

subject  entitle  their  conclusions  to  respect  and  confidence^ 
but  the  tests  of  practical  experience  are  of  yet  greater  value. 
The  i-esults  obtained  from  the  trial  of  the  narrow  gages 
ha\'c  certainly  demonstrated  that  under  special  conditions 
thoy  possess  many  of  the  advantages  claimed  for  them  by 
their  advocates.  On  the  other  hand,  the  enormous  work 
being  well  and  successfully  done  throughout  the  civilized 
Argrtmeut«  pro  world  by  TOi^ds  of  tlic  Standard  gage,  and  the  preference 

and  K'tm.  wluch  the  railway  companies  of  the  world,  after  years  of 

discussion  and  experiment,  still  manifest  for  this  gage, 
would  seem  to  indicate  that  whether  its  adoption  was  orig- 
inally a  matter  of  accident  or  of  design,  it  has  been  pre- 
served as  the  gage  of  the  greater  part  of  the  railways  as 
yet  built  as  a  matter  of  convenience  and  of  advantage,  and 
not  from  a  mere  aversion  to  change  or  from  '•aprice. 
Tiio8|)eciai  con-     Tlic  experience  of  narrow- gagc  roads  seems  to  have  shown 

narrow  ;r!«t?«5  la  that  for  rcgious  uot  (liickly  inhabited,  not  affording  a  large 

railway  traffic,  presenting  in  the  tt)pography  of  the  country 
difficulties  of  constniction  by  reason  of  the  heavy  gradients 
and  short  curves  to  be  surmounted,  the  roads  of  less  gage 
are  the  best,  becixuse,  while  they  possess  ample  carrying  ca- 
pacity for  the  wants  of  such  a  country,  they  are  more  cheaply 
built  and  more  cheaply  worked  than  roads  of  the  ordinary 
width  between  the  rails. 
Our  intercat  in     The  subjcct  is  ouc  of  profouiul  interest  to  all  countries, 

t  eauiueot.        ^^^  ^^  nonc  of  morc  importance  than  to  ours,  with  a  vast 

territory  yet  unsupplied  with  adequate  means  of  transi>ort, 
with  enormous  resources  yet  to  be  utilized,  and  with  a  popu- 
lation ever  ready  to  devote  their  energies  with  restless  and 
resistless  activity  to  pressing  forward  old  and  building  up 
Dew  industries. 

In  view  of  these  considerations,  the  exhibits  at  the  Paris 
Exposition  connected  with  service  upon  narrow-gago  rail- 
iBOads  were  studied  with  much  interest. 


aADDLB-TANK  RNOINE— NARROW   aAUGK   (:I6"). 

Black ,  Hawtkont  ^  Co,,  Gaft^ead-tipoti-Tyae,  England. 

lP.f(e«0,Tol.IV.) 


RAILWAY   APPARATUS:    COMMISSIONER   ANDERSON.  451 

There  were  admirably  constructed  engines  exhibited  in  ^^j^57*^*'**' 
the  sections  of  Belgium,  Great  Britain,  and  Austria  which 
were  designed  for  service  upon  tramways  and  narrow-gage 
road9. 

One  of  the  most  perfect  of  these  was  the  saddle- tank  en-  narrowp^  en- 
gine exhibited  by  Messrs.  Black,  Hawthorn,  &  Co.,  of  Gates-  Sawthom  &  CoI 
head-upon-Tyne,  England,  a  machine  designed  for  service  ^^**  ** 
apon  light  railways  of  3'  gage.    It  had  outside  cylinders 
and  4  ci  upled  wheels.    The  action  of  the  engine  was  sim- 
ple and  direct.    There  was  no  dome  upon  the  boiler.    The 
weight  was  so  distributed  as  to  equalize  the  burden  upon 
the  4  wheels.    The  fire-box  was  of  copper,  the  boiler-tubes    nesoriptton. 
of  brass;  working  pressure  135  lbs.  per  square  inch,  or 
about  ten  atmospheres ;  the  weight  of  the  locomotive  in  fair 
working  order  is  about  3J  tons,  and  it  possesses  a  sufficient 
adhesion  and  tractive  force  to  haul  a  load  of  03  tons.    The 
slidas,  piston-rods,  valve-rods,  crank-pins,  cross-bars,  and 
the  tires  are  of  the  best  steel,  and  the  whole  mechanism  of 
the  movement  is  of  wrought  iron,  well  chilled.    This  engine 
will  pass  with  ease  around  curves  of  a  radius  not  exceeding 
2(K.    Plate  9  presents  a  side  view  of  this  locomotive  ("  Mign- 
onne").    The  principal  dimensions  are  as  follows : 

Diameter  of  cylinders 5  in.     DimenBlons. 

Stroke  of  pistons 10  in. 

Wheel-base 3  ft. 

Length  of  boiler 4  ft.  10  in. 

Diameter  of  boiler 1  ft.  10  in. 

Thickness  of  boiler-plate i  in. 

Nnuiber  of  tubes 31 

Heating  surface  of  tubes,  about 57  sq.  ft. 

Surface  of  fire-grate 2  sq.  ft. 

Total  heating  surface 67  sq.  ft. 

Diameter  of  wheels *.  1  ft.  8  in. 

Tires,  best  steel 4in.  xHin. 

Diameter  of  journals 3  in. 

Length  of  journals 4  in. 

Capacity  of  tank 50  gals. 

Capacity  of  coke-boxes 3  cu.  ft. 

The  feeding  apparatus  consists  of  two  Ifo.  4  iiyectors. 
The  boiler  has  been  tested  to  200  lbs.  per  square  inch.  The 
consumption  of  fuel  is  289  lbs.  of  coke  in  12  hours;  that 
of  oil,  tallow,  etc.,  is  estimated  at  14  cents  for  the  same 
period. 

The  Fairlie  Engine  and  Boiling  Stock  Company,  of  Lon-    pairiie  Bngiii« 
don  and  Bristol,  exhibited  a  powerful  and  well-finished  Io-^^R^^^-ks^^ 
comotive  of  the  standard  gage,  from  the  designs  of  Mr. 
Robert  F,  Fairlie,  the  distinguished  engineer,  inventor,  and 
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1"  !7"rK  inanufa<!turer ;  also  designs  and  particulars  of  a.  large  niini- 
ber  (if  eijsiufs  of  tLe  t.vpes  iutroduced  by  Mr,  Fairlie  for 
service  ii|>(iu  narrow-gage  roads,  numbeis  of  wliieb  mv  rep- 
reseuted  to  lie  in  actual  and  successful  u8eiiiKmraii»~tv<'S**^ 


I. 
4i" 


1* 


t'i 


gages  ranging  from  1'  lU"  to  tbe  standard  gage,  in  Wales, 
Ireland,  Russia,  Norway,  Ansf nilia,  South  America,  Mexico, 
and  elsewliere. 

The  accompanying  engraving  (Fig.  5)  represents  an  en- 
gine of  the  Fairlie  system  built  for  a  .oad  of  3'  gage. 
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This  locomotive  has  4  cylinders,  of  ISy  diameter,  18"  raUi^a^7'^''^^^^ 
stroke  of  pistons;  12  wheels,  of  3'  3"  diameter,  all  coupled; 
aggregate  heating  surface,  1,325  square  feet;  capacity  of 
water-tanks,  1,450  gallons,  and  of  coal  bunkers,  1^  tons; 
weight  of  locomotive  in  working  order,  45  tons.    All  the  rigSro  5.  *'"^"*®" 
wheels  being  coupled,  the  whole  weight  is  available  for 
adhesion,  and  the  traction  force  at  the  rails  is  1G,200  lbs. 
The  mean  cylinder  pressure  is  100  lbs.  per  square  inch,    ^^-^^^^ptioa. 
Several  machines  of  this  type  have  been  built  for  the  Ven- ..    ^,     Kn-iuea 
ezuelan  Government  railways,  and  engines  of  the  same  spo-  ^'}^    «wwLs    of 
cial  design  have  been  built  upon  a  large  scale  for  the  Pisii-  curves  of  short 
gua  Eailway  of  Peru,  a  line  having  gradients  as  steep  as  I  ' 
in  25,  and  curves  of  250'  radius. 

The  following  advantages,  among  others,  are  claimed  Ibi* 
the  locomotives  of  this  sy&tem : 

(1)  That  the  arrangement  of  the  running-gear  and  the  ^AiUantagea  of 

.       ^  .  ,*%,_,,,  .  ,  the    Fairlie    en- 

short  wheel-base  enable  the  Fairlie  engine  to  pass  arouud  gine. 
short  curves  without  injury  to  the  track  or  strain  npou  tlie 
machine,  and  the  arrangement  of  the  under  frames  to  the 
boiler  admits  of  free  movement,  vertical  and  horizoutal. 

(2)  That  the  whole  weight  of  the  engine  is  a^'llilable  for 
adhesion,  while  yet  the  wheel-base  is  short,  and  tliat  the 
weight  is  so  distributed  as  to  reduce  the  load  per  wheel  so 
greatly  that  a  lighter  rail  may  be  employed  than  could  be 
safely  used  with  an  ordinary  and  much  less  powciful  ma- 
chine. 

(3)  That  the  large  heating  surface  secured  will  enable  a 
narrow-gage  engine  to  haul  with  ease  up  loug  and  steep 
gradients  a  load  with  which  it  would  be  impossible  for  an 
ordinary  locomotive  to  mount  such  ascents,  because  the 
steam  upon  the  ordinary  locomotive  would,  under  such  con- 
ditions, give  out,  while  the  water-level  over  the  fire-box  le- 
mains  in  the  Fairlie  engine  always  constant. 

(4)  That  it  will  do  the  work  of  two  ordinary  engines 
coupled  together  much  better  than  it  would  be  possible  for 
them  to  do  it,  for  the  reason  that  two  machines  coupled 
together,  with  a  full  load  behind  them,  would  drop  their 
steam  as  quickly  as  one,  and  because,  while  the  water-level 
would  be  very  high  over  the  fire-box  in  one  of  the  locomo- 
tives, the  fire-box  of  the  other  might  be  uncovered. 

(5)  That  the  Fairlie  engine  develops  more  power  and 
at  less  cost  than  could  be  realized  with  two  locomotives  of 
the  same  vital  dimensions  of  the  ordinary  types. 

(6)  That  they  ride  smoothly  over  roads  npon  which  the 
ordinary  locomotives  would  move  with  difficulty. 

(7)  That  by  reason  of  the  above  advantages,  and  particu- 


454  UNIVERSAL   EXPOSITION   AT   PARIS,  J  878. 

rauw^^^'^^^  larly  of  the  fact  that  the  power  of  these  locomotives  is  not 

limited  by  the  width  of  the  track,  "  they  solve  the  problem 
of  narrow  gage  aud  make  sach  lines  as  efficient  as  lines  of 
the  greatest  width." 

Ko  little  attention  has  been  bestowed  upon  the  subject  of 
narrow-gage  railways  in  Great  Britain  and  upon  the  Con- 
tinent by  railway  engineers  and  constructors. 

PKAXCE.  FRANCE. 


Conclusions  of     The  rcsult  of  the  experience  and  studies  of  the  engineers 

tho    French   en-  . 

gineera.  of  Francc  may,  in  tho  language  of  M.  E.  Villevert,  a  dis 

M.  E.viiiovert.  yiigQig|jg(l  cngiucer  of  that  country,  be  summarized  as 

follows : 

Tliat  tho  liuos  of  goueral  inlerodt  and  those  of  iutemational  and 
strategic  importunce  should  bo  constructed  of  the  ordinary  4  ft.  8^  in. 
gago  ali'cady  svdopted  by  the  principal  railway  companies  of  tho  world, 
so  as  to  allow  tho  frco  movement  of  trains  aud  transportation  of  mer- 
chandiso,  war  matcriul,  passengers,  and  troops  withoat  change  of  cars 
or  breakage  of  bulk. 

rses  of  thenar-     It  IS  urgcd,  howovcr,  tliat  there  should  be  in  Prance  an 

row-gage  system.        .  .  ,  -  ,  .i.  ^      x. 

extensive  system  of  narrow-gage  roads  auxihary  to  the 
lilies  of  standard  gago;  that  narrow-gage  roads  should 
be  built  wherever  the  lines  are  merely  of  local  interest  and 
will  not  give  an  adequate  return  for  the  outlay  necessary 
for  the  more  expensive  plant  of  the  broader  gage. 
Dimeusjons     The  Toads  of  uarrow  gage  now  being  advocated  in  France 

rwMi-bed      and  aro  of  thc  followiug  descriptiou:  Gage,  1  meter  (39.371  m.); 

^"^'  width  of  road  bed,  W  4J'  in  cuts,  and  upon  fills  from  11'  to 

11'  8'';  the  masonry  of  undressed  stone,  built  in  the  ordi- 
nary way ;  the  ballast  to  be  12''  thick ;  cross-ties  6'  6"  lon^:, 
7f "  wide,  and  5f "  thick ;  rails  to  weigli  34J  lbs.  per  yard. 
Coat  per  mile.  The  wholc  cost  of  such  a  road  in  France  under  ordinar}' 
circumstances  is  estimated  to  be"  about  $29,000  per  mile- 
far  less  than  half  the  average  cost  of  the  railroads  of  stand- 
ard gage  heretofore  built  in  that  country.  The  depots, 
DiminiBhed  bridges,  and  works  of  art  generally  are  projected  upon  a 

S^nfcrcctSnT*'  much  less  expensive  scale  and  less  durable  and  desirable 

materials  and  modes  of  construction  than  those  in  use  upon 
the  standard  roads.  The  cost  of  a  road  of  a  meter  gage, 
built  in  the  thorough  manner  in  which  the  roads  of  stand- 
ard width  are  usually  constructed,  would — ^including  to- 
Keiiitivocostof  turcs,  dcpots,  shops,  rolling  stock,  etc. — probably  cost,npon 

JS^^gir' "'''"  the  same  scale  of  comparison,  from  60  to  75  per  cent,  of  the 

cost  of  4'  8  J"  a  road,  taking  the  roads  already  built  in  France 
as  criteria. 
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GRBAT  BRITAIN.  giucat  Britain. 

In  G-reat  Britaiii  and  in  the  British  colonies  and  depend-  rduJajr^*"^**^ 
encies  earnest  and  enlightened  consideration  has  been  given 
to  the  subject  of  the  construction  of  narrow,  cheap,  and 
economical  railways.  The  most  remarkable,  as  it  is  the 
most  successful  of  all  the  narrow-gage  roads  to  which  my 
attention  has  been  called,  is  the  well-known  line  of  2'  11^''  Frs'Sito^'^itou! 
gage  from  Port  Madoc  to  Festiniog,  Wales.  ^">- 

The  conditions  under  which  this  line  has  been  built,  de- 
veloped, and  worked  have  bc^n  exceptional;  but  its  success 
is  connected  with  points  of  practical  interest  to  many  regions 
in  our  own  country;  and  while  it  may  bo  regarded,  perhaps, 
rather  as  a  curiosity  than  a  precedent,  still  the  results  ac- 
complished by  this  railway  in  miniature  are  so  remarkable 
that  it  may  not  be  an  unprofitable  task  to  examine  the  sys- 
tem of  this  extraordinary  lino  at  greater  length. 

The  road  is  built  from  the  slupping  port  above  mentioned   Lengtii. 
to  Diuas,  in  the  vicinity  of  immense  slate  quarries  among 
the  mountains,  some  twelve  or  thirteen  miles  from  the  coast. 
It  traverses  a  wild,  difficult,  and  rugged  region,  overcoming  ^j^*®^^'*'^^'**'" 
about  700  feet  of  elevation  in  twelve  and  one-quarter  miles, 
the  gradients  attaining  a  maximum  of  1  in  67,  and  curves    Gradients  tmd 
of  3,  4,  5,  6,  8, 10,  and  15  chains  radius,  with  one  curve  of 
116  feet.    Since  1863  this  road  has  been  operated  by  steam 
motive  power. 

The  track  is  laid  with  double-headed  iron  rails,  weighing    Tnwk. 
50  lbs.  to  the  yard.    The  permanent  way,  track,  locomotives, 
rolling  stock,  and  the  other  necessary  appointments  of  the 
line  are  constructed  in  a  thorough  and  substantial  manner. 

The  total  cost  of  the  thirteen  and  one-quarter  miles,  in-  Cost 
clading  all  outlays  for  roadway  and  appurtenances  and  large 
expenditures  incurred  in  adopting  a  number  of  changes  and 
improvements  upon  the  original  design,  has  been  £86,000 
for  the  whole  line,  or  about  $30,660  per  mile  for  i)lant  and 
equipment.  In  view  of  the  fact  that  this  is  only  about  one- 
sixth  of  the  average  cost  per  mile  of  the  roads  of  standard 
gage  in  England  and  Wales,  the  disparity  in  cost  is  re- 
markable. 

Such  is  the  exceedingly  difficult  character  of  a  portion  of 
the  ground  over  which  the  road  is  built  that  the  cost  of  a 
single  mile  of  the  line,  according  to  the  estimate  of  the  en- 
gineer, Mr.  C.  E.  Spooner,  would  have  been,  had  it  been 
attempted  to  build  a  road  of  4'  8J"  gage,  as  much  as  the 
cost  of  the  entire  line  has  actually  been. 

The  road  has  made  steadily  a  net  revenue  for  its  owners   Kctumforcopi- 
apon  the  whole  amount  of  capital  invested  of  from  6  to  13 
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oiiEAT  BBTTAiN.  p^f  cGiit.  pcr  aiinuiD,  and  it  is  proper  to  add  that  of  the 
£86,000  actually  represented  as  invested,  £50,000  have  been 

raHw^.^'^^^ accumulated  out  of  the  annual  revenues. 

The  rolling  stock  embraces  9  locomotives,  of  which  2  are 

double-bogie  Fairlie  engines  with  double  boilers,  4  coupled 

Port MadocMd wheels  to  cach  bogie;  wheels,  32''  in  diameter;  cylinders, 

way.  8J";  wheel-base  of  each  bogie,  4'  6";  total  wheel-base, 

19';  weight,  22  tons:  2  others  with  4  wheels  coupled;  8" 
by  12"  cylinders;  5'  wheel-boise;  diameter  of  wheels,  2'; 
weight  of  machine,  10  tons :  4  of  4  coupled  wheels,  having 
Rolling  stock.  4/  (j//  whecl-basc,  and  weighing  8  tons:  and  1  single-boiler 
double- bogie  Fairlie,  with  8  J"  cylinders;  14"  stroke;  wheels, 
32"  in  diameter;  wheel-base  of  leading  bogie,  4'  6",  of  trail- 
ing bogie,  3'  6" ;  total  wheel-base,  13'. 
Types  of  paa-  The  passcugcr  cars  of  this  line  embrace  three  types :  (1) 
One  having  4  wheels,  length  of  car  12',  width  C  3",  seat« 
arranged  longitudinally,  the  passengers  sitting  back  to  back, 
six  upon  each  seat ;  (2)  the  second  type,  4- wheel  cars,  divided 
into  two  compartments,  each  seating  six  persons;  (5)  bogie 
cars,  composite,  with  first,  second,  and  third  class  compart- 
ments, built  36'  or  32'  long,  6'  wide,  the  30'  cars  carrying 
six  first,  six  second,  and  thirty-six  third  class  passengers, 
and  the  32'  cars  six  first  and  forty  third  class  passengers, 
maximum  seating  capacity.  The  seats  are  arranged  as  in 
the  couph  upon  the  prevailing  type  of  passenger  coaches  in 
use  upon  the  European  roads. 

The  writer  rode  over  this  road  twice,  and  through  the 

Mr.c.E.spooner.  courtcsy  of  Mr.  C.  E.  Spooucr  was  permitted  to  ride  upon 

"LittioWomi«»r."  ^jj^  locomotivc,  "Little  Wonder,"  and  also  npon  the  bogie 
passenger  coaches  and  one  of  the  slate-wagons — the  last 
of  a  train  of  some  thirty  cars  and  wagons.  The  smoothness 
with  which  the  ti^ain  passed  the  sharp  curves  and  over  the 
heavy  grades  of  this  miniature  line,  the  freedom  from  un- 
pleasant shocks  and  jars,  the  remarkable  evenness  and 
absence  of  oscillation  in  the  running  of  the  locomotive, 
even  upon  the  difficult  portions  of  the  line,  were  greatly  to 
be  admired. 

The  whole  of  the  rolling  stock  is  provided  with  central 
couplings  and  buffers,  which  greatly  facilitate  the  passage 
of  curves. 
Speed.  The  trains  are  run  at  a  speed  of  from  10  to  25  miles  an 

hour,  sometimes  attaining  a  velocity  of  30  miles  or  more 
without  injury  to  the  rolling  stock  or  track. 

The  line  in  its  construction  and  equipment  and  manage- 
ment is  a  monument  to  the  engineering  skill  and  the  ef&- 
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viency  and  faithfulness  of  the  officers  of  the  company  and 
their  assistants. 

Portaile  railujaye. 

M.  Decauville,  sr.,  of  Petit-Boiirg  (Seineet-Oise),  e^liilJ- „„b'^'^ 
ited  an  iron  tramway  and  its  equipment,  manufactnred  at ""«*«•*- 
Ills  establishment  at  Petit-Bourg,  near  Paris,  \chich  are 
lulmirably  designed  to  meet  a  felt  want  for  a  cheap  and    M.Dec»uv 
ivliable  means  of  transportation  for  more  or  less  temporary 
use  in  the  service  of  mines,  in  forest  and  factories,  and  in 
eonuectiou  with  large  agricultural  ojieralious,  such  as  those 
upon  a  sugar  plantation. 


Flo.  6. — Seclioti  of  rail  for  farm  and  mine  tramtnagg  </»'!  »««).     ;  Decai- 
tille,  Pelit-Hourg.) 


Fio.  7. — Joial  for  iroa  Irantieag  tectioni.     (Deci 


This  tramway  (Figs.  6-10)  consists  of  a  movable  iron  Dewriptid 
track  formed  in  sections,  the  rails  being  connected  at  inter- 
vals by  iron  cross-bars.  The  sections  are  united  to  each 
other,  as  the  track  is  laid,  by  flsh-joints  arranged  so  as  to 
be  securely  and  rea<lily  bolted  to  the  rails  of  the  sections 
to  be  connected.  The  sections  are  iroiu  4  to  18'  long,  ac- 
cording to  the  gage  of  the  road,  purposes  for  which  it  is 
to  be  used,  nature  of  ground,  and  other  conditions.  The 
gages  generally  used  are  15",  Ifl",  and  2i".  The  rails 
are  maile  of  Bessemer  steel,  are  miniature  inverted  T  roils, 
and  weigh  usually  SJ  lbs.  per  yard.    The  rails  and  the 
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Periabu  raav>a-j.  (\n[  crn^s  bauda  oni[rR'(;linfi  tlicm  are  iuteiideil  to  lie  (lat 
iipun  tbti  grouud.    Tliesc  couuocting  cross-baiultj  or  bars 

M.i>(«BUT[iic.  are  arranged  at  intervals  of  4'  or  less.  A  track  of  either 
of  the  gages  nieotioiied  will,  it  is  cla-iined,  bear  a  Dormal 
weigUt  of  one  ton  for  eacU  ear-axle  if  it  rests  upon  a  smootli 

DeMriptiflD.  and  solid  surface,  and  if  located  uik)u  an  irregular  surface, 
as  would  generally  be  tbe  case  when  used  for  a  temponiry 
piirjiosc,  would  sustain  a  burden  of  one-lialf  of  a  ton  for 
eaeli  ii\le.  Tlie  annexed  figures  fairly  represent  tite  rails 
used  tor  tbi-s  tramway  and  the  method  adopted  for  connect- 
ing tbe  sectioDS  of  the  track.    A  complete  :2cctiuii  of  track 


18'  in  length  will  weigh  about  104  lbs.,  and  can  be  readily 
can-ied  by  one  man.    Tbe  track  can  thus  be  rapidly  taken 
ui>,  moved,  and  relaid.     Sections  of  curved  rails  and  short 
sections  are  provided  for  turning  curves. 
The  wagons  are  constructed  with  4  and  sooietimes  with  6 
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wheels,  and  of  various  designa,  according  to  the  uses  for ''"*•*'•  "•""i'' 
which  they  are  iiiteiided,  and  are  dcsigued  to  cany  from 
500  to  2,000  lbs.  or  more,  each,  at^cordiiig  to  the  character    u- ueomiTiiiB. 
of  the  ground  and  the  weight  of  the  rail  uaed. 


Fig.  U. — Decauvilli^a  tramicay  car  uard  in  iiiiiiti. 

Tlie  iiceompaiiyiiig  illustrations  (Figs,  ("-1(1)  lllustiate  the 
plan  of  constructing  this  tra::nv.i,v,  and  soutc  of  the  modes 
in  which  it  may  be  used. 

Streel-raiticay  airs.  sm 

The  designs  of  the  cars  in  use  ujion  street  railways  in 
Euroi>e  seem  to  have  been  generally  borrowed  fh>tn  Amer- 
ica. Tlioao  in  use  upon  the  tramways  of  Paris  are  admiiu- 
blj'  arranged,  connnodions,  and  convenient.  Upon  some  of 
the  lines  of  the  "General  Omnibut)  Compauy"  of  Paris,  r>™ei 
which  operates  many  miles  of  tramways  in  that  city,  tlio 
oars  are  pi-ovided  with  a  double  row  of  tseats  upon  fliu  top, 
the  passengers  sitting  on  the  top  benches  back  to  back,  aud 
they  ha^e  conveniently  designed  stairways  at  each  end  for 
ascending  to  the  top. 

The  larger  cars,  those  on  the  principal  lines,  scat  20  pas-  »-■ 
sengers  on  top,  22  inside,  and  afibrd  standing  room  for  r)t)-u(i:a 
piissengers  ut>on  the  platform.  The  guard  never  allows  a 
larger  number  to  get  upon  the  car.  These  lines  are  man- 
aged with  great  system,  and  the  cars  are  run  with  com- 
mendable regularity,  and  a  marked  reganl  is  shown  for  the 
comfort  and  convenience  of  the  passengers. 
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'"  The  fiire  for  any  distauce  aiK)ii  any  line  or  to  any  point 
apoii  a  coimeuting  line,  with  a  "transfer"  or  '- corrcspoiid- 

''eiioe"  ticket,  ia  C  ceuts  below;  for  any  distiiiii-i!  upon  tbo 
same  line  the  fare  on  top  is  3  cents,  or  with  a  "  cortesi)ond- 
encti"  for  a  connecting  line  6  cents. 


Flu.  10. — TraiHKag  of  the  Dit^ui^iUe  ig$Uin  for  lugar plaiitirliui'ii, 

-V  In  keeping  with  the  ol>aerviinee  of  class  diatinclioiis.  so 
conspicuous  everywhere  in  Europe,  llie  lop  was  designwl 
originally  for  the  peasant  and  laboi-ing  po{)ulation  of  Paris, 
but  in  good  weather  the  deck  seats  are  considered  by  iriatiy 
I>ersous  the  most  desirable,  and  are  occupied  indiscrimi- 
nately by  all  classes  of  jiassengers- 
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The  general  plan  and  constraction  of  the  cars  is  that     strut-rauwiy 

^  ears. 

adopted  in  the  United  States,  except  that  the  wheels  upon 
one  side  are  made  without  flanges^  so  as  to  facilitate  the  pas-  General  onmi- 
sage  of  curves  and  the  hauling  of  the  car  oflF  from  the  track 
should  any  interposing  obstacle  obstruct  the  track  and  ren- 
der it  necessary  to  move  the  car  around  and  on  to  the  track  The  track. 
again.  The  track  is  grooved,  and  the  wheels  upon  one 
side  of  the  cars  are  constructed  with  a  flange  or  head,  which 
runs  in  the  groove  of  the  rail. 

There  were  a  number  of  cars  and  locomotives  for  use  upon 
tramways  in  cities  exhibited  in  the  French  and  other  sec- 
tions.   Among  their  attractive  collections  of  exhibits  none     American  ex. 
were  more  admired,  and  none  of  better  workmanship  or 
more  tastefully,  indeed  beautifully,  decorated,  and  more 
conveniently  arranged,  than  the  American  street  cars  ex- 
hibited in  the  United  States  section,  manufactured  by  J.  G.    J.G.Brui. 
Brill,  of  Philadelphia,  and  by  the  John  Stephenson  Com-    Jo^  stephen- 
pany,  of  !N"ew  York  (Jity.    There  were  no  cars  for  similar  uses 
exhibited  from  any  other  country  which  were  as  well  de- 
signed or  of  better  finish  than  the  three  street  cars  exhibited 
by  the  manufacturers  last  named.    They  were  of  types  too    ExceUentinde- 

•^  ,  .      .  8igi»    «nd  work- 

well  known  in  this  country  to  render  any  description  neces-  manship. 

sary,  but  in  the  thoroughness  and  beauty  of  their  execution 
and  workmanship  they  have  scarcely  been  ever  surpassed 
in  any  country.  The  same  may  be  said  with  equal  empha- 
sis of  the  car  fix)m  the  works  of  Mr.  Brill. 


The  engines  and  cars  for  service  upon  tramways  exhibited  ^^^J^"*^^*^ 
by  the  SocietS  OSnirale des  Moteurs  d,  Air  Comprim^j  are  deserv- 
ing of  notice  in  this  connection.    The  cars  are  of  the  ordi- 
dary  type  in  use  upon  the  street  railways  in  Europe,  as 
shown  by  the  plate.    The  locomotive  is  of  the  system  of  M.  j^|{jj|£  **'  ^• 
L.  M^karski,  and  is  propelled  by  means  of  compressed  air. 
In  some  cases  there  is  a  single  car  and  the  motor  is  placed 
upon  it,  as  indicated  in  Fig.  12.  The  '^  society  "  exhibited  also  ngurea  ii,  12,  is. 
a  locomotive  constructed  upon  the  same  principle,  designed 
for  service  in  mines. 

The  motor  for  hauling  passenger  cars  upon  tramways  is 
designed  for  lines  of  easy  grades ;  and  for  a  course  of  from 
seven  to  nine  mUes  the  machine  will,  it  is  claimed,  haul  the  Length  of  coarse. 
cars  carrying  46  passengers  without  being  recharged.  The 
reservoirs  contain  450  lbs.  of  air,  and  the  receiver  incloses 
40  i^allons  of  hot  water.    The  air  is  forced  by  i)owerful.  Modeof  oharg. 

_  .  ,  ,      ,  .     ,.  ,  .     ing renervoir. 

pumps  into  the  receiver  through  the  water,  as  indicated  m 


UNIVERSAL  EXPOSITION  AT  PARIS,  ISTB. 

"'  Fig.  11,  until  a  pressure  of  30  atmospheres  is  secured,  wheu 

tbe  machine  is  considered  charged  and  ready  for  service. 

siatem  of  M-  It  is  claimed  that  the  motors  of  this  system  have  been  and 

™  can  be  used  with  great  economy,  and  that  upon  the  score  of 

convenience  it  is  tfl  be  preferred  to  any  other  motive  power 

yet  introduced  for  service  upon  street  railways — 

tara*^^'  **"     (1)  Because  horses  are  not  frightened  by  tbe  noise  and 

smoke,  as  is  often  the  ca^e  where  steam-engines  are  used 

upon  thorougli  fares ; 

(2)  Because  tbe  daugers  of  explosion  are  avoided  ; 

(3)  Because  they  are  ruD  without  spar  kSfCiuders,  or  smoke. 


Fig.  II.— Section  of  motor,  ahowing  rixeivrr  partlj/  charged, 

t*  The  engine  and  cars  intended  for  use  m>on  street  railways 
and  tramways  eshibiteil  by  the  "Continental  Company  for 
the  Mauufiictnre  of  Fireless  Locomotives,"  though,  like  the 
exhibits  last  described,  of  an  exceptional  ami  as  yet  an  ex- 
perimental ty|»e,  were  creditable  to  tbe  skill  and  ingenuity 
of  the  gentlemen  after  whose  designs  they  were  built.  Tbe 
locomotive  which  embodies  what  is  claimed  to  be  new  in 
the  system  is  of  tbe  type  introduced  by  the  American  iu- 
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ventor  Dr.  Lamm,  wkli   certain   improvemeuts  eografted^^ 
upon  the  invcDtion  of  Dr.  Lamm  by  M.  Won  Fraiicq.     The 
system  is  subataiitially  the  same  which  lias  been  in  use  ujion  jj^^j^ 
street  railways  in  the  cities  of  New  York  and  Brooklyn,  and  \^^^., 
to  ;i  still  larger  extent  upon  tlie  lines  of  street  railway  at 
Nciv  Orleans  owned  by  the  coiupany  of  which  General  G,  „^„^ 


I 

I* 


m 


T,  Beauregard  has  been  the  president.    This  system  seems  -   ,E™^' 
to  be  regarded  by  French  engineers  who  have  given  ittheir^>"i  "■"''' 
careful  utteutiou  as  decidedly  superior  to  that  of  M.  M6-  "ti- 
karski,  known  aa  the  "compressed-air  locomotives."     In- 
dee«l,  it  has  l>een  pronounced  to  be  the  best  substitute  yet 
suggested  for  steam-locomotives  or  horses  as  the  motive 
power  of  street  cars. 
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This  system  rests  upon  tlie  applicatioa  of  the  established 
physical  fact  that  a  poiiii<l  of  water  couflned  in  a  tightly 
inclo.scd  space  will  store  up  in  tlie  process  of  condensation 


a  quantity  of  steam  eqnivaleat  at  the  least  to  the  ninth  part 
of  the  weight  of  the  water.  This  steam  disengages  itself 
from  the  water  as  soon  as  a  vent  is  presented  for  its  escape, 

30  P  E VOL  4 
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^f^l^^jf"^*'^*^'^^  aiid  when  permitted  to  discharge  itself  into  the  cylinders  of 

a  locomotive  engine  it  will  develop  a  very  considerable 

System  of  tractive  power  (estimated  at  1,800  kilo  meters  for  each  kilo 

Fi'^oTe  14.  ^'  of  water  used).  In  the  engine  exhibited  the  reservoir  was 
designed  to  hold  400  gallons  of  water,  into  which  was  to  be 
injected  steam  surcharged  with  heat  until  its  temperature 
reached  200^  centigrade. 

▼twawSMfcT*  ^^®  locomotive  so  charged  has  been  used  successfolly 
upon  the  line  of  tramway  from  Beuil  to  Marly-le-Boi,  in  haul- 
ing two  coaches  carrying  together  60  passengers,  a  distance 
of  about  ten  miles,  without  being  recharged ;  and  this  has 
been  accomplished  upon  a  line  upon  which  it  is  said  that 
there  are  gradients  of  3  in  100,  and  not  less  than  fifty  curves 
having  a  minimum  radius  of  98  ft. 
Bwmomy  oom-     It  is  claimed  that  the  experience  upon  this  line  has  de- 

paredwitiiflteaiii.  mQxjg^j^^j^  that  the  saving  actually  realized  by  the  employ- 
ment of  fireless  engines  of  this  type,  instead  of  the  ordinary 
steam-locomotives,  hae  been  at  least  40  per  cent. 

Figure  14  represents  the  locomotive  exhibited  by  the 
^^  Continental  Company  for  the  Manufacture  of  Fireless  Loco- 
motives."  The  400  gallons  of  water  which  the  reservoir 
holds  is  raised,  as  stated,  to  200^  centigrade  (representing 
15  atmospheres).  The  cylinders  are  W  in  diameter  by 
8.125'^  stroke.  The  wheels  are  24.67''  in  diameter.  The 
weight  of  the  machine  is  6  tons,  empty.  It  is  designed  to 
move  either  forward  or  backward. 


Having  thus  passed  in  rapid  review  some  of  the  moi*e 
important  contributions  to  the  Paris  Exposition  connected 
with  the  subject  to  which  this  report  relates,  I  proceed  now 
to  briefly  mention  some  matters  belonging  to  the  railway 
practice  as  illustrated  at  the  Exposition  which  could  not  be 
well  considered  with  relevancy  in  any  other  connection. 

BroAit  and  f^- 

naUnffopparatiu.  Brakes  and  apparatus  for  signaling  trains. 

There  were  several  systems  of  railway  brakes  represented 
westingiuraBe  upon  thc  cars  and  trains  of  cars  at  the  Exposition.  Of 
these  the  Westinghouse  automatic  brake,  so  well  and  favor- 
ably known  in  this  country,  was  by  common  consent  ac- 
corded the  first  place  in  point  of  excellence.  It  fulfills  all 
of  the  conditions  laid  down  by  the  highest  railway  authority 
in  the  best,  the  simplest,  and  the  most  efiective  manner  yet 
attained  by  any  apparatus  introduced. 
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The  British  Board  of  Trade,  after  an  exhaustive  stady ^^ ^JSS? byS! 
and  investigation  of  the  subject,  has  laid  down  the  following  ^^  ^^^'^  ^' 
as  the  essential  conditions  of  an  effective  continuous  brake :  * 

(1)  ^^The  brakes  to  be  efficient  in  stopping  trains,  instan- 
taneous in  their  action,  and  capable  of  being  applied  with- 
out difficulty  by  engine-drivers  or  guards." 

(2)  ^^  In  case  of  accident,  to  be  instantaneously  self-acting." 

(3)  <^The  brakes  to  be  put  on  and  taken  off  with  facility 
on  the  engine  and  every  vehicle  of  the  train." 

(4)  ^^The  brakes  to  be  regularly  used  in  daily  working." 

(5)  ^^The  materials  employed  to  be  of  a  durable  character 
so  as  to  be  easily  maintained  and  kept  in  order." 

The  Westinghouse  brake  has,  by  a  long  and  thorough    wide  um  and 
trial  upon  railroads  in  the  United  States  and  in  Great  encvof  the  west- 
Britain,    France,    Gtomany,    Belgium,   and    the    British 
colonies,  established  beyond  controversy  its  satisfactory 
ftdfdlment  of  all  of  these  requirements,  and  it  must  be  con- 
ceded that  no  other  brake  yet  introduced  so  well  and  so 
thoroughly  meets  them  all.    The  advantages  possessed  by 
this  admirable  contrivance  were  illustrated  by  an  excellent 
exhibit  in  the  section  of  the  United  States,  and  also  upon 
the  cars  exhibited  by  the  Western  Railway  of  France,  but        szhibu  on 
nowhere  were  its  merits  more  happily  illustrated  than  upon^  KaUwa^^of 
the  Ceinture  Railway  at  Paris.    The  hundreds  of  thousands  ^^'^*"*^- 
of  passengers  who  used  that  line  in  going  to  and  from  the 
Exposition  and  in  going  from  point  to  point  in  the  city  and 
its  environs  had  an  excellent  opportunity  for  observing  its 
superb  working,  the  smoothness,  the  ease,  and  yet  the  sud- 
denness with  which  trains  heavily  loaded  were  stoi>ped 
without  a  jar,  and  absolutely  without  any  unpleasant  oscilla- 
tion or  concussion,  in  a  distance  which  a  few  years  since 
would  have  been  deemed  incredibly  short. 

It  is  probable  that  this  brake  has  been  used  upon  no  road  cnmun  de  m 
anywhere  more  successfully  than  upon  this  metropolitan  ^' 

railway  of  Paris,  and  it  is  certain  that  no  other  similar  ap- 
pliance has  anywhere  accomplished  such  satisfactory  results 
as  have  been  there  realized. 

* 

Railway  signaling  apparatus.  atgnaUngapp^- 

rotet. 

In  the  design,  construction,  and  efficient  working  of  rail- 
way signaling  apparatus  Messrs.  Saxby  &  Farmer,  of  Eil-8Axby&  Farmer, 
bum,  London,  England,  have  attained  a  pre-eminence  of 
merit  only  equaled  by  that  of  the  Westinghouse  Air  Brake 
Company  in  their  special  department. 

The  system  of  Messrs.  Saxby  &  Farmer,  designed  and  per- 

*  Ciroalar  of  Board  of  Trade,  London,  Aognst  30, 1877. 
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^^Bjfuaingappo'fQQiQ^  \yj  their  manager,  Mr.  Hodgson,  combines  the  two 

systems  known  as  the  ^^  block''  and  'interlocking"  systems, 

ioSSk  syatS^*  ^^  ®^^^  manner  that  each  is  absohitely  interdependent  upon 

the  other.  The  mechanical  union  of  the  two  systems  has 
Mr.  Hodfison.-  been  most  ingeniously  and  thoroughly  accomplished  by  Mr. 
Hodgson  in  this  admirable  invention.  The  apparatus  is  so 
contrived  that  the  danger  arising  from  a  possible  contradic 
tiou  between  the  block  telegraph  signals  transmitted  from 
one  station  to  another  and  the  out-door  signals  exhibited  to 
the  engine-drivers  seems  to  be  practically  and  thoroughly  ob- 
viated. This  apparatus  has  been  largely  introduced  upon  the 
railways  of  Great  Britain  and  the  Continent  of  Europe,  and 
has  been,  it  is  stated,  adopted  by  the  Pennsylvania  BaUroad 
Company,  with  very  satisfactory  results.    It  was  illustrated 

iheSSteD^Sifi.**  ^y  ^^  exhibit  at  the  Centennial  Exhibition  9>t  Philadelphia  in 

1876,  since  which  time  it  has  been  steadily  growing  in  fskvor 
and  in  the  appreciation  of  those  who  have  studied  its  merits. 
sffioiency.  It  is  Certainly  an  admirable  arrangement,  and  seems,  so 

for  as  human  contrivance  can  accomplish  it,  to  absolutely  re- 
move all  danger  of  accidents  and  collisions  at  station  sarising 
from  t^e  carelessness,  negligence,  stupidity,  or  the  misappre- 
hension of  the  signalmen  or  the  locomotive  engineers. 


It  will  be  observed  that  this  report  has  been  confined 
almost  entirely  to  the  railway  and  tramway  practice  of  trans- 
atlantic countries  represented  at  Paris,  and  that  but  brief 
mention  is  made  of  a  few  exhibits  in  the  classes  covered  by 
^R«Mona  for  the  report  furnished  from  the  United  States.    The  reasons 

conniiin jc  the  re- 

port  principally  for  this  Were  two-fold :    (1)  The  reading  and  thinking  public 
Its.  **        ^*      in  America  is  already  so  familiar  with  the  features  of  the 

railway  practice  of  this  country  that  nothing  would  be  ad- 
ded to  the  possible  interest  of  such  a  paper  as  this  by  a  dis- 
cussion of  American  railway  apparatus  and  appliances ;  and 
(2)  the  exhibits  relating  to  this  subject  sent  from  the  United 
States  to  the  late  Exposition  were  by  no  means  fairly  repre- 
sentative of  the  best  American  railway  practice. 

It  is  particularly  to  be  regretted  that  the  collection  of 
American  railway  rolling  stock,  machinery,  and  material 
should  have  been  so  meager,  and  therefore  so  unsatisfactory. 
The  machinery,  vehicles,  and  practice  adopted  upon  rail- 
roads and  in  the  construction  and  working  of  i*ailroads  in 
the  United  States  are,  to  a  great  extent,  so  different  fix)m 
those  in  use  in  the  Old  World,  and  in  many,  particulars  for 
the  wants  of  a  country  like  ours,  and,  it  would  seem,  for  vast 
sections  of  the  eastern  continents  as  well,  are  so  superior 
to  the  systems,  methods,  and  appliances  generally  in  vogue 
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in  Europe,  that  it  would  have  been  well  for  American  man-  i^g^fJn^^hJSt 
nfactarers  of  railway  rolling  stock,  machinery,  and  fixtures  SJtJjJ^^t*^^ 
to  have  availed  themselves  of  this  fair  opportunity  for  ex-  ^©en   to   Euro- 
hibiting  the  special  merits  of  their  machines,  cars,  and  ap- 
paratus to  the  nations  of  the  world.    Certainly  this  country 
would  have  lost  nothing  by  the  comparison  which  would 
have  thus  been  rendered  practicable. 
The  few  exhibits  of  this  class  from  the  United  States  were,      S"  ®*J*S**i* 

'  oxceUent  of  tnoir 

however,  genemlly  excellent  of  their  kind.     The  West-i^ind. 
inghouse  brake  has  been  already  noticed,  and  brief  mention  ^JJ^®***^^^**"**^ 
has  been  made  of  the  Pullman  palace  sleeping-car.    This   PuUmfmoar. 
latter,  a  beautiful  and  admirably  arranged  vehicle,  was  the 
only  railroad  car  furnished  to  the  Exposition  from  the  United 
States.    It  attracted  the  attention  of  many  thousands  of 
European  visitors  to  the  American  section,  and  was  greatly 
admired  and  commended  by  those  familiar  with  the  demands 
of  modem  railway  travel.    Indeed,  no  other  jjassenger  coach 
designed  to  be  used  as  a  sleeping  car  exhibited  by  any  butotom^omI!"^ 
country  equaled  the  cars  of  the  Pullman  system  in  comfort 
and  convenience,  the  economy  « f  space  realized^  and  many 
other  advantages  which  they  possess  in  an  eminent  degree 
for  the  accommodation  of  passengers  by  day  and  by  night. 
The  only  locomotive  fix)m  the  United  States  was  one  of.  ^^J^  ^^• 

*^  ing   Railroad  lo- 

the  ordinary  powerful  freight  engines  of  the  Philadelphia  comotive. 
and  Beading  Eailroad  Company,  adapted  for  the  use  of 
an  thracite  coals.    It  fairly  illustrated  the  simplicity  and 
excellence  of  a  type  of  locomotive  in  use  in  this  country. 

The  collections  of  Ciist-iron  car  wheels  furnished  by  Messrs.  ^^^i"*  *"*"  **^ 
A.  Whitney  &  Sons,  of  Philadelphia,  and  by  Messrs.  Bar-    a-  whitnoy  & 
num,  Richardson,  &  Co.,  of  Lime  Bock,  Conn.,  are  deemed  *  ^Barnum,  Rich- 
worthy  ofspecial  mention  and  commendation.   These  wheels,*  "**"      ^' 
in  point  of  strength,  security,  and  durability,  compared 
favorably  with  the  best  types  of  wrought  iron  steel-tired 
wheels  so  largely  used  in  Europe,  and  in  point  of  cheapness 
of  cost  and  economy  realized  in  their  use  had  greatly  the 
advantage  of  the  car  wheels  of  the  European  systems. 

In  concluding  this  report  I  beg  leave  to  acknowledge  the  Aoimowiedg. 
valuable  assistance  afforded  to  me  by  Mr.  B.  R.  Archer,  M.  Mr.  e.  a  Archer- 
E.,  of  Richmond,  Va.,  in  prosecuting  studies  and  investiga- 
tions and  obtaining  data  largely  used  in  its  preparation,  and 
to  the  Commissioner  General,  Mr.  McCormick,  for  uniform 
courtesy  and  kindness  and  for  such  assistance  as  it  was  in 
his  power  to  render  me  in  the  discharge  of  the  duty  to  which 
I  was  assigned. 

WILLIAM  A.  ANDERSON, 

Additional  Commissioner. 
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nitrate 74 

sulphate 74 

sulphur 74 

operatives — 

number  employed 74,  MO 

Clocks  axd  Watchis— 

exhibit OH 

pneumatic  apparatus  for  operating  many  docks  in  dties Hft 
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AUSTBIAHTTNGABT-Continiied. 

Machihbbt  (includixig  tooU,  implements,  appUanoes,  prooeMes) — 
chemioal — 

notof  fine  quality 73 

soda  industry— 

engines,  horse-power  employed 74 

model  of  hydrochlorio  add  condensing  tower  exhibited 74 

snlphurio  add  manofoctore— 

platinuin  condensing  apparatus 75 

fHngines,  steam^ 

▼aiiable  exhaust  steam-engine,  A.  Collmann,  Yienna,  exhibited 872-^5 

penpeotive  view  of 37!f* 

transverse  section  of 374* 

looomotives  employed  (§te  Bail  way  Apparatas) — 

employed  in  mines,  number 280^290 

hoisting 286^298,802 

pnmping 290,299 

wigtnea,  compressed  aix^ 

Qsedin  Pribram  mines 208 

engines,  hydranlic — 

used  in  Idria  mines 802 

•working- 


reverberating  ftiinaces,  "Comment  process" 299 

qnioksilver— 

extraction  processes,  various 803,804 

recdvers 303 

retorts 803 

heating  with  lime 308 

ftmaoes— 

Almaden  (1760) 803 

Idria.  horizontal  (1787)  303 

Leopold,  qnadmple  (1825)  303 

Albert!,  reverberatory  (1842) 303 

oupda 803,304 

iron-dad 303,804 

mni&e 803,304 

lbrtseftaH/fJin|^«2|/Sm(revorberatory) 803 

mining— 

driUs,  nsod  with  powder  and  dynamite 297 

hoisting,  cages  with  stod  ropes 298 

ore-dressing 298,299,301 

peroosdon tables 298,801 

oontinaoasjlgs 298 

stamp-batteries 298,299,802 

screens 802 

revolving  tables 302 

ICsTAL-woBKiHO  (M6,  a2fo.  Machinery:  metal-working)— 
brass,  bronze- 
parts  of  locomotives  441 

copper- 
parts  of  locomotives 439,440,441,442 

iron- 
rails,  mannfiictaro 428 

parts  of  locomotives 442 

frames  and  sheathing  of  railway  oars 448 

steel— 

manufiictaro 442 


replacing  iron  in  rails 428 

locomotive  boilera 440 

Kartin— 

locomodve  boilers 489.440,441 

KnilffQ  IHDUBTBOB— 

report  on 292-805 

ezhibiU 290,299,801,804,805 
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AUSTBIA-HITNGARY— Contintted. 

MomiO  IKDCBTBIS0— 

inadeqnatdiy  dereloped 283 

mineral  deposits  property  of  the  crown 282,: 

production  of  mines 292,  i 

smelting  works 292 

saltworks 292,298 

▼ariety  of  minerals 292,298 

o^^uirence  of  minerals , 293 

cinnabar,  qoioksilTer 301-304 

getdogical  occurrence 801, 302 

mining  methods  and  appliances 802 

winning  the  ore 302 

sorting 302 

picking 302 

crashing 302 

extracting  quicksilver 303,304 

open  Yesseli!,  iron  receivers 303 

heating  with  lime 303 

furnaces -■ —  303,304 

Almaden 303 

Idxia  ( hor  iasontal) 303 

Leopold  (quadruple) 303 

Alberti  (reverbemtory) 303 

iron-clad 303,804 

muffle 308,304 

cupola 304 

produetion 302,304 

TermiUon  prepared  from 304 

eoal 294-296 

production 294,295 

anthracite 294 

used  for  coke 294 

lignite 294 

used  in  iron  manufacture 294 

increased  protduction 294 

extent  of  deposits 294 

engines  used  in  mines 298 

bad  quality  of,  necessitates  special  consti-uction  of  locomotivos 437-440 

lead 29G-300 

geological  occurrence 290^  297 

origin  and  growth  of  mining 296 

Pribram  mines .' 29^-300 

deep  shaft  at  Adalbert 297 

methods  and  appliances— 

exploitation 297 

draining 297 

extracting  ore 208 

transporting  ore 29S 

hoisting 2« 

picking 398 

dressing 296,299 

smelting -  - .         299 

engines 299 

production 299;  300 

silver -  29&-300 

geological  occurrence 296, 297 

Pribram  mines  («m  lead,  oboiw). 

Joachimstal  mines 300,301 

history 300 

geological  formation 300 

ores  produced 300 

concentration 301 

uranium 891 

furnishes  pigments  for  ceramics  and  glass 881 


INDEX.  481 

Pace. 

▲USTKIA.HUNaABY— Continned. 

Hkmo  IxDURmnB— 

lino 806 

Seologloal  oooonenoe 806 

oonceiitnting  works 805 

ore-dreMing  works 805 

Iirodiiotio& 806 

pnduotion  and  oonflmnption— 

■ntimoiiy 298 

araenio 283 

bismath 288,800,801 

efamabar 801,303,804 

coal 171,201,294-296 

anthnusite 206,294-290 

lignite 293,294-296 

naeaof 177,296 

making  ooke 204 

honaehold  porpoaea 294,295 

mannfactnring 294,296 

railways 296 

ateom  navigation 205 

oobalt 293,800,801 

copper 201,293 

galena 297,299,806 

gold 296 

graphite 298 

iron 172,298 

ore 172 

pig 172 

wrought 172,261 

lead 172,298,298,299,800 

litharge 296,800 

manganese ;. .*. 298 

nickel...  298,800,801 

petiolenm 298 

pyrites 9 

qoicksUver 293,802,803,804 

aalt 292,293 

aUver 178, 288, 297, 290, 800, 801, 805 

ateel 172 

tin 298 

nzaninm 293,800,801 

Bine 173,298,297,306 

ftiel  nsed  in  manolhotaTe— 

ooal,  anthraoite 294 

lignite 894 

ooke 294 

ezploaiTea  nsed  in  mining 297 

dynamite,  giant  powder 184, 297 

nitro-^yoerine 184 

experlmenta  with 184^186 

powder 297 

eacporta— 

ooal 294,296 

to  Germany  (lignite) 296 

Bnasia 261 


toBnssia 261 

iron— 

toBnssia 261 


to  (Germany 801 


ooal 296 

from  Oennaay  (anthraoite) 294, 

31  P  B— VOL  4 
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AUSTRIA-HnNGABT— CoDtinned. 

HlNINO  Iin>U9TBII5— 

operatires— 

number  employed— 

in  mines 292,295,299 

cinnabar 304 

coal 295 

lead  and  silver 299 

in  smelting  works 292,299,304 

saltworks 292 

women  as 292,205 

children  as 292,296 

provision  for  the  wel&re  of— 

at  Pribram  min^s 299 

Idria  cinnabar  mines 304 

danger  ftx>m  explosions 184 

Railwats  (inoludiag  apparatus,  material,  fixtures,  etc.)— 

exhibits 419,423 

showed  prevailing  European  method  of  construction 423 

system— 

extent 427 

equipment 428 

coal  consumed 295 

rolling  stock — 

passenger  cars- 
number  of 428 

manufacture  of 428 

exhibited    446,447,449 

first-class  passenger  coach,  Austrian  State  Railway 447, 448* 

second-class  passenger  coach,  Austrian  State  Railway 448* 

third-class  ])asBengor  coach,  Austrian  State  RaUway 448* 

sleeping  car,  Austrian  State  Railway 448*,  449 

postal  car,  exhibited < 447 

freight  cars — 

number  of 428 

manufacture  of 428 

exhibited 448* 

iron  used  in  the  frame-work  and  sheathing 448 

locomotives 437-442 

number  of 428 

manufacture  of 428 

oxhibited— 

tank-engine,  for  mines 437 

passenger  or  froight  locomotives,  Austrian  State  Railway  Company 438, 439, 440* 

locomotive  for  passenger  or  mlxe<l  trains,  Theiss  Railway  Company 441  442* 

narrow-gage  locomotives 451 

fire  grates  and  boxes  o£^  adapted  to  poor  native  coal 437, 438, 439. 440 

classes 438 

tramways  in  mines — 

at  Pribram 298 

Idria 302 

locomotives  for 437 

manufacture  and  production — 

ties 427 

ralhs 427,438 

rollin;;-8tock,  passenger  and  freight  cars 428 

locomotives 428 

exports 427 

cars 428 

imports 427 

cars 438 

PROVINCES- 
BOHEMIA— 

Chemical  Indubtby- 

manufactures 73 

barium,  chloride 74 
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AirSTRIA-HnifGABY— ConUnaed. 
PROVINCES- 
BOHEMIA— 

Ghxxical  Ihdubtst— 
mannfactarea — 

funing  (Nordbansen)  ■olphurio  acid 22,78 

oxide  of  iion 28 

pexftunery 110 

potash 74 

roae-water 110 

aoap 110 

aoda 73,74 

anlphor,  from  aoda  reaidneB 74 

anlphnrio  anhydride 28 

snperphoflphates 74 

matoriala— 

yitriol-stone  depoaita 23 

ma  110 

MnriNO  Ihdubtbibs— 

hiamnth 300 

ooal 293 

Ugnite 293,295 

exported  to  Gtomuuiy 295 

oohalt 300 

graphite 298 

lead 293,296-300 

litharge 300 

nickel 300 

ailver 293,296-301 

exported  to  Germany 801 

tin 293 

uranium 300,301 

pigmenta  fh>m,  for  ceramics  and  glaas 301 

aino 297 

Railway  Matbbial— 

rails  mannfaotored 428 

cars  built 428 

GARIKTHIA— 

Mnmro  Ixdustbibs— 

lead • 293 

quicksilTer 293 

zinc 298 

Kailwat  Material— 

rails  manufactured 428 

OABNIOLA— 

MUfDia  iKDUBTBIBa— 

cinnabar,  artificial 804 

coal,  lignite 294 

quicksilver 293,301-304 

methods  of  extraction  and  treatment 302-304 

vermilion  manufsctured 304 

rfno 298 

GALICIA— 

Chemical  Industbt— 
materials— 

ozokerit 71,72 

MnriKO  IMDUSTBOBB— 

coal 298,294,295 

anthracHe 293,294,296 

lignite 298 

petndenm 293 

sine 896 
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▲TTSTfilA-HUNaABY— ContUmed. 
PBOVINCBS- 
HUKOABY— 

[KOTB.— r^  /oUowifH^  T^wmMM  art  to  Hungary  proper,  nuUUrw  Mohgidg  to.th§ 
trnpire  in  general  being  indexed  under  Auetria-Hungary,  ] 
Ghsmioal  Indubtbt— 

numofiustares 144 

beeswax 144 

coniine 144 

copper,  sulphate 76 

oream  of  tartar 75^78 

flsh-glne 144 

glycerine 144 

indigo 144 

potash  ftx>m  the  saint  of  wool 29,75 

carbonate 29 

qninlne,  tannate 144 

santonine 144 

silver,  from  solpbate  of  copper  residnea 75 

soda,  sulphate 75 

solphuric  acid 75 

tan-bark 144 

tartar 144 

tartaric  acid 144 

HXTAL-WORKDCG — 

copper 442 

iron 442 

steel 442 

HnfDf O  IMDUSTBIBS— 

operatives,  number  of 282 

production 282;  29S 

smelting  works 292 

coal 288,284 

anthracite 298,294 

Ugnite 293.294,285 

copper 398 

gold 298 

iron 288 

lead 29S 

^"»*^ i » 

petroleum 283 

quicksilver 293 

salt 288,293 

silver 283 

sine 288 

Railwats— 

extent  of 417 

material— 

manulJEMture  of 442 

locomotive  exhibited 44L443* 

ISXBIA— 

Chemical  Iicddbtry— 

manoflictures— 

bromine 75 

lime,  chloride 75 

salts,  from  sea-water 75 

soda,  sulphate 7S 

sulphuric  acid 76 

LOWBB  AUSTRIA— 

Railway  Matbbial— 

raiU 4S8 

rolling  stock 428 

MORA VIA— 

CBIMICAL  lyDUSTKT— 

manufiictures— 

ether « ^ IW 

ftnit  essences 1^ 
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AUSTRIA-HnNGASY— Contiiraed.  Paga 

PBOVOrCBS— 
MOKAYIA- 

CHDaCAL  Ihdustbt— 


jQicea IW 

herbs,  and  preparatlomfl  ftom 109 

malt 110 

metalllo  aacoharatea 109 

aoap 109 

oUa,  eaaential 109.110 

aniae 109 

Wroh 109 

oarraway 109,110 

fennel 109 

nraataird 109 

oilrcake,  carraway,  for  fattening  awine 110 

potaah,  pmasiate 78 

tartaric  acid 76 

aaha '. 75 

KnoHo  Indubtbibs^ 


anthracite 298 

lignite 298.295 

graphite 298 

Bailwat  Matbbial— 

raila.  maanfaotored 428 

SILSSIA— 

Chkmical  Ixdubtbt— 

mannflictnrea 78 

eaaenoea,  firoit  and  flower 110 

aoda 73 

anlphnrioacid 73 

MiNINO  iMDUBTBIia— 

coal 203 

anthracite 298 

lignite 293 

Sailwat  Matbbxal— 

raila,  mannfactoied 428 

8TYEIA— 

CmtancAL  Ikdubtrt— 
mannfbctnzea— 

aal^ter 75 

solphnr 76 

'  aaperphosphatea 57 


apathiclron 75 

Bolpharona  pyritea 0 

MmniO  IHDUSTBIBS— 

iron 298 

Bailwat  Hatbrial— 

raila,  mannfiictored 428 

TRAlffSYLVAyiA— 

HlHDCO  IHDUBTBIBB— 

coal,  lignite 295 

gold 298 

sQyer 293 

TYBOL— 

CHBMICAL  iHDUflfTBT— 

mannflM^tnrea— 

eanawayoQ 110 

water,  liqnenr 110 

honey 110 

magnesia 75 

aalta 75 

tarpenttne  pitch 110 

MmHO  In>U8TBIB^~ 

■ino 208 
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Austrian  state  Raaway  Company,  exhibit 487-441, 447-4M 

locomotives 437-441 

fire-boxes  for  boming  inferior  ooal 437-439 

illustration  of 4«- 

steel  work  for 442 

cars 447-449 

first-class  passenger  coach,  with  illustration 447, 448* 

second-cla-ss  passenger  coach,  with  iUastration 44S* 

third-class  passenger  coach,  with  illastration 443* 

freight  car,  with  Ulustratlon 44S* 

sleeping  car 448*,  446 

sulphuric  acid,  sulphates  of  soda  and  copper 75 

Auvelais  (Belgium) — 

chemical  industry — 

hydrochloric  acid 78 

soda 78 

sulphuric  acid T6 

Aveneine  {see,  alio,  Chemistry:  manufactures:  flavoring  extracts  and  products) — 

definition  of "l 

Avoca  (Victoria,  Australia)— 

mining  industry' — 

lead 245 

Baden  (Germany)— 
chemical  industry — 

coloring  matters lOi 

alizarine 104 

anthracene IM 

Baden  Aniline  and  Soda  Works  (Baden,  Germany),  manufacture  of  nitro-olizarine 101 

Baiss  Bros.  &>  Co.  (London,  England),  crude  and  powdered  drugs 128 

Baker  (H.  J. )  &Bro.  (New  York  City),  borax,  saltpeter,  camphor,  salts   90,161 

Balard,  Antoino  Jerome  (Paris,  Franco),  process  of  extracting  salt  from  mothcr-Uqnors 79. S4 

improved  by  H.  Merle W 

Baldaz-Lalore  (Belgium)— 
mining  industry— 

coal 288 

coking  furnace 286 

Balearic  Isles  (Spain) — 
mining  industry — 

lignite 314 

Ballarat  (Victoria,  Australia)— 
mining  industry- 
first  Australian  gold  mining 232 

Banca  (ace  Netherlands:  East  India  colonies). 

Bancroft,  Dr.  (Queensland,  Australia),  on  the  properties  of  Australian  pituri 133 

Barcelona,  province  of  (Spain) — 
mining  industry — 

coal,  lignite .* 314 

Bariquand  &  Son  (Paris,  France) ,  machine  tools 396 

chassepdt  guns 396 

Bamftngens  Tekniska  Fabrik  (Stockholm,  Sweden),  perfumery,  soap,  ink 1^ 

Bamaoul  (Siberia,  Eussia) — 
chemical  industry — 

soda W 

caustic * 

salts 96 

Bamum,  Richardson,  &Co.  (Lime  Rock,  Conn.),  cast-iron  car-wheels 4G8 

Baroncelli,  B.  (Florence,  Italy),  soda,  potash 93 

Barry,  F.  T.  (England),  commercial  manager  of  the  mine  of  Saint  Domingos,  Portugal 331 

Barytes  (see  Chemistry ;  also,  Mining). 
Basle  (Switzerland)— 
chemical  industry — 

alizarine 101 

process  of  manufacture 101-104. 185 

anthracene 101 

artificial  colors 101,156 
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Page. 
BsttgnoUes  {tee  Sooi6t6  de  Constxnctlon  des  BatignoUes). 

Bamngartner,  J.  (Mollis,  Switzerland),  glae  from  caseine  150 

Baaxite  (aee  Chemistry;  dlto  Mining). 

Bean,  £.  (Alais,  France),  antimony 117 

Bechi,  theory  of  the  formation  of  hoxic  add  in  fumaroles  of  Tuscany 60 

Becker,  George  F.,  assisted  in  preparation  of  Rbpobt  on  ' '  Minino  Industries  " 104 

Beokman  &  Burmester  (Stockholm,  Sweden),  pharmaceutical  preparations 153 

Beef,  increased  price  of,  in  Great  Britain 108 

Beer  («cs  Agriculture). 

Beer,  C.  (Jemapes,  Belgium),  winding  engine  for  mines 370, 377 

Beet-root  sugar  (see  Agriculture). 

B6guln,  Y.  A.  (Paris,  France),  compounds  of  cantharides,  plasters  with  caoutchouc  basis 118 

BELGIUM  (aee,  alto,  Angleur,  Hainaut,  Quldvrain, 

Anyers,  Honssois,  Buette, 

Athus,  Huy,  Saint-Leonard, 

Auvelais,  Jemapet,  Seraing, 

Baldas-Lalore,  Lidge,  TUft, 

Bleyberg-^Montzen,  Lustln,  Toeuich, 

Bonne  £sp6rance,  Marchovelette,  Vallentin-Cocq, 

Boussu,  Mesvin,  Yedrin, 

Brussels,  Mons,  Vezm, 

Charleroi,  Moresnet,  Yille-en-'Waret, 

Coulllet,  Moustier,  Yilyorde, 

Diest,  Namnr,  Welkenraedt, 

FlAne,  PhilippeyDle,  WUsele). 

Fontaine  VEydque,  Qu6vy, 

H«a 272 

population 272,277 

AOBICULTUBB— 

beet-root  sugar— 

potash  derived  ftrom  the  residues 30 

carbonate  of  potassium  from  the  residues  of,  combined  with  Chili  saltpeter,  for  the 

production  of  niter 28 

Chsscibtbt  akd  Phajihacy— 

exhibit,  chemical 70 

pharmaceutical Ill 

exhibitors,  number  of 7 

awards,  number  of 7,8 

condition  of  the  industry 8,76 

manufactures— 

•  hydrochloric  acid 76 

niter : 28 

phosphates 70 

potash,  fiwm  beet>root  sugar  residues 30 

soda 44,40,70,81 

carbonate,  used  in  glass-making 47 

sulphur 76 

sulphuric  acid 9, 76 

dyeing  preparations 20 

manufacturing  processes,  apparatus,  machinery — 

nitric  acid 27 

soda,  Solvay's  ammonia  process 44-50,70,81 

sulphuric  acid- 
pyrites  burners  10,12 

production  and  consumption — 

hydrochloric  acid 70 

pyrites 9,80 

soda 40,70,81 

snlphur 70 

sulphuric  acid 9,70 

products,  by-products,  materials- 
acids-- 

acetic 70 

hydrochloric 70 

hydrosnlphurous 9,70 
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Pica 

BELGIUH— Continued. 

CHKimSTBT  JLlfD  PHABM^CT— 

prodnoto— 
acids— 

nitric 17,78 

salicylic 76 

aiilphnric 8^76 

alumina,  sulphate 76 

bensine 76 

calcium,  chloride 76 

chlorine 81,  G 

desiccated  flowers,  herbs,  etc HI 

hops  Ill 

hydrochloric  acid 76 

hydrosulphnrons  acid 9,76 

iron,  sulphate 76 

lime,  chloride 76 

niter 28 

nitric  acid 27,76 

nitro-benzine 76 

phenol 76 

phosphates 76 

potash,  fixnn  beet-root  sugar  residues 28,30 

pyrites 8,80 

salicylic  add  76 

saltpeter 76 

soda 76,81 

ammonia 44, 46^46;  47, 76 

bisulphate 76 

carbonate 47 

hyposulphate 76 

phosphate 76 

sulphate 76 

sulphydrate 76 

sodium- 
bisulphite 26 

hydrosulphite 28 

sulphur 76 

sulphuric  add 9^76 

Bine 26 

imports- 
perfumes  from  France  116 

ood-liyer  oil  from  l^orway 148 

taeL  used  in  mannfaotnre— 

coal 78 

operatives — 

numbw  employed— 

hydrochloric  acid  industry ....,  76 

pyrites  mining 80 

soda  industry 76 

sulphur  refining 76 

sulphuric  acid  industry 76 

Clocks  and  Watchxb— 

exhibit 405 

Glass— 

materials- 
carbonate  of  soda 47,76 

manufactures— 

bottles  for  preserving  dedooated  plants,  etc Ill 

chemical  apparatus- 
retorts  fur  nitric  acid  manufacture 27 

Machinsry  (including  tools,  implements,  apparatus,  procoases) 
chemical- 
latest  improvements  employed 76 
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BXLOIUH— Continnfld. 


ehkrine  mMmfiustnze— 

Solyay '8  prooew  (utUisiiig  ammcniA-aodA  rasidiieB) (1, 62 

plans  exhibited 78 

nitric  aoid  manuftotnre— 

glMs  distOling  appantiu 37 

aoda  mMinfactore— 

ammoniA  prooesB,  E.  Solvaj 44-48,48,76 

prodaotion 48^70 

gnlphuric  acid  mannfootnre 10-28 

pyrites  bam»8 10,12 

engbiM,  steam- 
winding  engine  for  mines,  C.  Beer,  Jemiqpes,  exhibited 878, 877 

emph^ed  in  mines— 

number 278,282,287 

hoisting 278,278,285,876 

pumping 278,278,279.282,284,285 

Cornish 285 

first  large  rotary,  John  Gookerin  Company 285 

Tentilating 278,285 

engines,  compressed  sir^ 

employed  in  mines 279 

Bstal-worlcing— 
Irofr— 

ftimaoes,  ancient  remains  of 281,282 

number  in  operation 281 

improvements  in 282 

"Bleybargftmaoes" 286 


first  reduction  ftnnaoe  (180^ 290 

ftimaoes 291 

mining— 

hdsting  apparaitns,  cages 278 

ore-dressing 288^286^291 

MsTAL-woBKiKO  (SM,  oZfo,  Machinery:  metal- working)— 

steel  mannfiMture 420 

MDiiMO  iMDOTrrnnw 

report  on 272-291 

antiquity  of  (ms  coal  and  iron,  Mow). 

variety  of  minerals 272 

geological  occurrence 272,273,274,279^279,289 

ooal 278-879 

discovery  of  (1198) 276 

mining,  growth  of 278 

production 278,277,278,288 

geological  occurrence 278,274,275 

area  of  deposits 275,276 

operatives  employed - 278 

engines  employed 276^278 

for  drainage 276,278 

extraction 276,278 

ventilation 278 

engines  driven  by  compressed  air 279 

raised  firom  vertical  ahalta 278 

difflonlty  ftom  water  in  the  shafts 274,275,278 

mining  appliances 278 

Iron 2T9-882 

worked  in  the  time  of  the  Bomaos. 281,282 

arclueological  remains 281 

mining,  growth  of 282 

production 281 

gedogiosl  occurrence 218^1 
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BELGIUM— Continued. 

MlKIIlO  INDUBTBIBS— 

iron — 

condition  of  metallurgical  indnstiy 281, 282 

blast  furnaces 281 

lead 282-389 

geological  occu  rrcnco 282, 283, 284 

dii&cult.y  fVom  \7ater  in  the  mines 282.284,285 

production 283,286,286 

mining  appliances 285 

pumping  machinery 284, 285 

ore-dressing  machinery 285, 288 

sine 283-201 

geological  occurrence 282, 283, 284«  289, 290 

production 283, 286»  288, 291 

crude  zinc 288 

sheet  zinc,  rolled 288 

zinc  white 288,291 

zinc  for  art  castings 201 

difficulty  from  water  in  the  mines 284, 285 

mining  applianoos— 

pumping  machinery 284, 285 

hoisting  machinery 285 

Tentilnting  machinery 285 

ore-dressing  machinery 286i,  288, 291 

ftimaccs 291 

early  mining  enterprises 290 

condition  of  the  industry 291 

works  conducted  abroad — 

lead  and  zinc  mines  and  metallnigical  establishments— 

in  Algeria 287 

France 287 

Germuiy 287 

Sardinia 887 

Sweden 265^287 

operatlTSS — 

number  employed— 

in  coalmines 278 

lead  and  zinc  mines 280 

metallurgioal  establishments 282 

danger  from  mining  accidents 286 

provision  for  the  welfare  of— 

by  the  Soci6t6  Anonyme  de  Bleyberg-te>Montzen 286 

Soci6t^  Anonyme  des  Mines  et  Fonderies  de  Zinc  de  la  Tieille-Montagne  280 

wages 280 

fuel  used  in  mamifkotnre— 

coal 282.291 

coke 286 

expedients  to  economize 285 

production  and  consumption— 

barytes 871 

calamine 282, 286^287. 288;  280 

clay 371 

coal 171,177,261,272,278-879.286 

cobalt 287 

copper 287 

galena 279,282 

iron 172,176,188^272,278,27»-282 

ore m 

piK 172;281 

wrought 172 

pyrites 278-279^286 

lead 172,228,272,273,282-291 

manganese 573 

peat J72 
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Pftge. 

BBLOnTH— Continaed. 

IClHINO  LffDUSTBOES— 

production  and  oon8iunptio&— 

pyiitoB 9 

•aver 28e 

steel 172,282 

sine 173,17^206^214,224,285,272,273,282-291,338 

exports — 

ooal 277 

to  France 177 

Russia 281 

iron 1 281 

to  France 176,281 

Great  Britain 206 

ITetherlands 281 

Prosda 281 

lead— 

to  France 175 

Great  Britain 228 

sine— 

to  France 176 

Great  Britain 206,214,224 

Imports— 

ooal 277 

iron 281 

from  Algeria 180 

France 281 

Laxemlmrg 281 

Netherlands 281 

ProBsiA 281 

Spain 281 

lino— 

from  Greece 838 

Sweden 265 

Bailwats  (indading  apparatus,  material,  fixtures) — 

exhibits 419,423 

passenger  cars 446 

narrow-gage  locomotives  461 

Wes tinghoase  air-brake  osed  on  roads 461 

Tbziilb  Fabbics— 
woolen- 
bleaching  by  sodium  hydrosnlphite  solation 26 

dyeing  by  sodium  hydrosnlphite  solation « 26 

PEOVrNCES- 
HAINAUT— 

Mnnno  iHDUBTBXEa— 

coal 274 

production 276^  277 

Iron 280 

UfiGS— 

MiKIMO  iHUDHTBUft— 

ooal 274 

discoTeryof(1198) 276 

production 276^277 

dno 283,286 

LUXEMBUBG— 

MDONO  iNDUBTBma— 

coal 276 

•               production 276 

iron 280 

liTAliTTB^ 

liDIIZrO  IKDUBTBIBS— 

coal 274 

prodnctiom 270,277 

BeU,  XMiac  Lowthian  (Bngland),  promoter  of  iron-smelting 195,211 
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BeD,  Immo  Lowthiaa,  his  "Chemical  PhenomeiiA  of  Iron  Smelting,"  cited IWiuAi 

Bellftt,  B.  (Bonen,  France),  ether,  ohioroform,  chloral,  tannin,  etc 117 

Belting  (fM  Machinery:  taranamiMJon  of  power). 
Beni-Saf  (Oran,  Algeria)— 

iron  mines IflB 

Bensberg  (Bbenish  Pmasia,  Gtormany)— 
mining  indnstry— 

lead 287 

einc  blender 287 

ore^resslng  works 287 

Bentley,  Professor,  of  Pbarmaceatlcal  Society  of  Great  Britain,  on  properties  and  cnltiTBtion 

of  the  enoalyptns,  quoted 1»-US 

B^rteowsk  District  (Bassla)— 
mining  industry— 

gold 280 

Bergamo  (Italy) — 
mining  indnstry— 

lignite  deposftta 807 

iron 900 

Bergen  (Norway) — 
chemical  indostry— 

codUreroU 140 

mannfaotore Itf^ltf 

export 148 

fishery:  cod,  mackerel,  herring,  etc 140^147 

*'Berg-  und  SUtUnmOnniteke  Ztiiung,"  description  of  tin-mining  processes 341,842 

"Bsrie^te  da  Devtsehen  JTonsutote  in  San  Franeiieo"  (on  bullion  production),  referred  to 846 

Berlin  ((Germany  )— 
chemical  industry— 

coniferin 70 

formnlAof 70 

cyanides 00 

soda 48 

Bemays,  Joseph  (Loodfm,  Engisad),  twin-cylinder  steam-engine 382,86 

▼lew  of SW 

Berne  (Switserland) — 
chemical  industry — 

bonbons  of  malt  preparations 100 

Berthollet,  AmM6e  B.  (Marseilles,  France),  chemical  manuflMstnre 77 

Berselins,  Baron  J.  J.  (Stockholm,  Sweden),  disooTerer  of  selenium  ..,. 04 

Besanfon  (France; — 
manufitctnres— 

watches 407 

BessMes,  Gyula  (Dnna-Yecse,  Hungary),  chemical  and  pharmaoeatical  prodnota 140 

Biala  (SUesIa,  Auatria)— 
chemical  industry^ 

essences HO 

BUbao  (Spain)— 

mining  indnatry— 

iron 318,814 

BiUault  &  Billaudot  (Paris,  France),  chemicals  in  Tsriety 8^110 

Biniton  («M  Netherlands:  East  India  coloniea). 

Bindschedler  A  Busch  (Basle,  Switserland),  coloring  mattera,  aliaarine 101«  106^  100 

Binney  Quarry  (Linlithgowshire,  Wales) — 

osokerit  deposits *1 

Birdwood,  Dr.  George  C.  M.,  author  of  the  '*  Handbook  to  the  British-Indiaa  Section"  (of  the 

Exposition)... 186 

report  on  "Cinchona  Cultivation  in  India,"  quoted «...  186-140 

Birmingham  (England) — 
chemical  industry— 

cod-liyeroil 120 

extracts 120 

Biscaya,  proTinoe  of  (Spain) — 
mining  industry — 

iron «M 
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Biaoo,  Liilgi(SamLco,B6rgKmo,  Italy),  oaphthaUne 14S 

Biaenk  (Und  Monntains,  BoaaSa) — 
mining  induatry— 

platinum 250 

Biamath  (tM  Chemiatry;  dUOt  Mining). 

Biaaobo^  A.  de  (Paria,  Fzanoe),  vertical  gaa-oigiiie 886 

BItomen  (tM  Mining). 

lySrkbom,  0.  L.  (Gothenbonrg,  Swbden),  extraotof  malt IBS 

Slack  Foreat  (Germany) — 
foreatry— 

coniferin  firamflrtreea,  for  ohemioal  nae 00 

Black,  Hawthoin,  &  Co.  (Gateahead-on-Tyne,  England),  looomotiTe,  with  aaddle-tank,  narrow- 

gage 4IS,451 

iUuatratlon  of 480* 

Black  Jack,  a  sine  ore,  deflnitioin  of 206 

Black  Sea- 

boiate  of  lime  depoeita 00 

Blaokmar  ^  Allerton  (Newark,  N.  J.),  eaaential  oila 160 

Blaintow  (England)— 
chemical  indaatry«- 

chlorine 00 

apparatns  for  regenerating  manganeae 00 

Blake  Cmaher  Company  (New  Hayen,  Conn.)— 

atone  and  ore  croaher,  model  exhibited 802 

alleged  "improTementa"  apon,  in  Europe 802 

Blake,  W.P.  (New Blaven, Conn.),  his  "Prodaotion of  Preciona Metals,"  etc.,  cited 846,847,840 

Bleyberg-^Montzen  (Belgium) — 
mining  indostiy— 

cemalte 280 

galena 288 

lead 282,288-288 

pnmplng  machinery 284,286 

ore-dreaaing  worka 286,286 

pyromorphite 286 

zinc : 280 

proviaionfor  the  weUiueof  operatiyea 286 

Blondel,  J.  (Maraeillea,  France),  acida,  aoda 70 

Bloqnart  &Co.  (Paria,  France),  digitaline 118 

Qaerenne'a  iron 121 

Bode  (Germany),  annular  fumnoe  for  homing  pyiitea 10,11 

improTcment  of  Maletra'a  Perret  ftimaoe 12 

writings  on  the  Glover'a  tower 17 

Boehringer,  A.  (Milan,  Italy),  quinine  manufacture 142 

BcBttger,  Kudolph  (Frankfort^  CJermany),  proceaa  of  coating  metallic  ol^eota  with  platinum ....  67 

Bog-head  mineral  (apeciea  of  ooal) 220,243,244,246 

Bohemia  (AM  Auatria-Hungary:  provincea). 

Bohlig,  E.,  aoda  manufiMSturing  process 51 

method  of  preparing  oxalic  acid 68 

Bokou,  department  of  (Caucasus,  Russia)— 
mining  induatry— 

mineral  oil '. 288 

petroleum 268 

Bden  &  Byrne  (New  York  City),  artificial  mineral  waters  and  apparatus 160 

BOLIVIA— 

CHEMlfrrBT  ASD  Phabiuot— 
materials^ 

cinchona  bark 104 

coca 164 

matico 164 

sodium,  nitrate 27,28 


aodium,  nitrate 28 

MonNO  INDUBTBIM— 

copper— 

exportato  France 176 

Great  Britain 222 
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BOLIVIA— Coiitinaed. 
MiMiNO  Industbus— 
Kold— 

production 1T8 

■QTer— 

prodnotion 173 

iindeposita 290 

BoUnlos  (Spain)-- 

chemical  industry- 
cream  of  tartar 90 

Bologna  (Italy)— 

chemical  industry — 

sulphur 98 

Bolton  (England)— 

machinery  manufacture— 

gear*cutting  machines 897 

Bonne  Espdrance  (Belgium)— 
mining  industry- 
coal 278 

Booth,  J.  C.  (United  States  Mint,  Philadelphia),  estimates  of  fineness  of  California  gold 231 

Boothby.J..  his  "Stotistical  Sketch  of  South  Australia,"  quoted 239,240 

Borbeck  (Oennany)— 
mining  industry- 
sine  foundry , 287 

BordetFr^res  (Froidvent,  France),  acetic  acid 80 

Borislar  (Silesiat  Oennany)— 

osokerit  deposits  72 

Borneo  («««  Netherlands:  East  India  colonies). 

Borthen,  T.  U.  (TrondlOem,  Norway),  cod-liver  oQ 140 

Bosisto,  J.  (Melbourne,  Yictoria,  Australia),  preparations  of  eucalyptus 131 

Boston,  Mass.— 

chemical  industry 98 

blacking 100 

leather-dressing 100 

soap 100 

tanning  extracts 100 

Boston  Watch  Company  (Bozbury  and  Waltham,  Mass. ) — 

introduced  machine  manufacture  of  watches. 409 

succeeded  by  American  Watch  Company  (which  se$) 409 

Boude  &FEs  (Marseilles, France), sulphur 78 

Boulevard  (France),  ammo  Jiv-soda  manufacturing  apparatus 81 

Boulogne  (France) — 
chemical  industry- 
alumina  sulphate  86 

"chlorozone"  for  bleaching 80 

disinfectants .' 80 

Bourbon  Island  (see  France :  colonies :  Beunion). 
Bonssu  (Belgium)— 
mining  industry — 

coal 274 

Bowdler  &.  Bickerdike  (Church,*England),  carbolic  add  and  derivatlTes 130 

Bowenfels  (Xew  South  Wales,  Australia)— 
mining  industry- 
coal 248 

Bower,  Henrs'  (Philadelphia,  Pa. ),  glycerine,  potash,  ammonia 90^101 

Bowker  (Leeds,  England),  ammonia-soda  manufacturing  process 44 

Boyd,  Son,  &.  Co.  (Dublin,  Ireland),  sulphate  of  soda,  chloride  of  lime 89 

Bosen  (Tyrol,  Austria)— 
chemical  industry- 
essential  oils UO 

caraway 110 

turpentine  pitch 110 

Bnohelli  Dr.  H.  F.  ( Austria),  statistics  of  Austria-Hungary  mining  industry,  oitad 298 

Brakes  («•«  Railways). 

Brass  (sm  Metal-working;  atto,  Mining). 
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Branao  (France) — 

eaily  ooal  mining 179 

Bray  (Enie,  Fnmce)— 
mining  Industry — 

rolling  millB 287 

BBAZIL- 

Hdoko  Imdubtbt— 
gold- 
production 178 

Brazowa  (Hungary) — 

railway  apparatna  mannfactoied— 

iron  parts  of  locomotiTee 442 

Breada  (Italy)— 

obemical  industry — 

magnesia,  carbonate 94 

sulphur 93 

mining  industry- 
iron 308 

Brill,  J.  6.  (Philadelphia,  Pa.),  stree^raaway  oara 461 

Bristol  (Enghind)— 

railway  apparatus  manufiACtured— 

locomotives 445, 451-454 

of  standard  gage 451 

narrow  gage 452 

with  double  boiler,  double  bogie 452*-454, 456 

adopted  in  Australia 4ri2 

Irehmd 452 

Mexico    452 

Norway 452 

Peru 453 

Bussia 452 

Veneauela 452*.  453 

"Wales 452,456 

British  (tee  Great  Britain). 

British  Columbia  (tee  Great  Britidn:  colonies:  Canada). 

British  Guiana  (eee  Great  Britain:  colonies). 

Broch,  Dr.  O.  G.  (Norway),  his  book,  "Xe  Boyaume  NonSge  et  U  Peuple  yorvigien,'*  cited 267, 269 

Brockvillo  (Canada)— 
chemical  industry- 
acid,  hydrochloric 77 

nitric 77 

sulphuric 77 

Bronze  (tee  Metal- working;  eUto,  Mining). 
Brooklyn,  N.  Y.— 
street  railways— 

fireloas  motors  used  on '. 4(t8 

Broughtoii,  qulnologist  on  Neilgberry  Hills,  British  India 130 

method  of  febrifuge  manufacture 139 

Brown  St.  Sharpe  Manufacturing  Company  (Providence,  R.  I.),  tools,  rules,  gages,  emery- 
wheels,  etc  897 

Browne,  J.  Koss,  his  "Mineral  Besources  of  the  United  States  "  cited 345, 349 

United  States  Commissioner  of  Mining  Statistics,  1867-'.68 350 

Briickmann  (Nonvay),  his  ''Magnolia  Dei"  (book  on  mining)  cited 270 

Brunn  (Moravia,  Austria)"— 
chemical  industry — 

essential  oils 110 

ether 110 

herbs 108 

mal  t  for  brewers 110 

potash,  pmssiate 78 

tartaric  acid 76 

tincturea 110 

BrQnner,  method  for  preparing  potassium  sulphate 81 

Brunner,  Mond,  &,  Co.  (Northwich  and  Sandbaok,  Engluid),  ammonia-soda  mannfiicturing 
process 46 


496  INDEX. 

Brimton  ^  Trier  (London,  England),  stone-dieasing  machine JHMMM 

iUustnttions 8W*,4<I0*,401*  M^ 

Bnusela  (Belginm)— 
chemical  industry — 

alumina,  sulphate T8 

Buarcos  (Portugal) — 
mining  industry^ 

U^ite no 

Bnda-Pest  (Hungary)— 
chemical  industry- 
potash  from  suint  of  wool TS 

railroad  apparatus  manufactured — 

locomotives 441,411* 

Buenos  Ayres  (tee  Argentine  Bepuhlic). 
BufiUo,  K.  Y.— 

chemical  industry — 

oils,  ilium  inating 159 

lubricating 159 

Buggerru  (Sardinia,  Italy)— 
mining  industry — 

zinc-ore  roasting  furnaces SIS 

Buoys,  self-luminous,  used  in  French  marine  service 119 

Burgoyne,  Burbridges,  Cyriaz,  Sc  Farries  (London,  England),  chemical  and  pharmaceutical 

products 128 

Burkeville,  Va.— 

chemical  industry — 

oil  of  sassafhis 159 

Burleigh,  apparatus  for  pro«pecting  for  ores  by  boring 386 

Bnrra  (South  Australia) — 
mining  industry- 
copper  289 

Bush  (W.  J.)  &  Co.  (London,  England),  general  chemicals,  essences,  essential  oils,  salts 128 

BuBsaco  (Portugal) — 
mining  industry- 
coal,  anthracite 820 

Bntzke,  V.  (Yarondga,  Russia),  oils  of  anise  and  mint 150 

Calabria  («m,  Italy:  provinces). 

Calamine  (tee,  alto^  Mining)— 

hydrous  silicate  of  zinc,  definition  of 982 

Calchopyrites  (tM  Mining). 

Calderara  &  Bankmann  (Yiennat  Austria),  ];>erftxmes,  soaps,  toilet  articles UO 

California  («m  United  States). 

Caltanissetta  (Italy) — 

chemical  industry 142 

magnesia '. 142 

quinine 148 

sulphur 89 

Camaresa  (Greece) — 
mining  industry- 
copper ^ 

lead 38 

silver 8* 

zinc S* 

Camboni,  P.  (Brescia,  Italy),  magnesia ^ 

Cammack  &  Walker,  sulphate  of  soda  decomposing  fdmace ^ 

Campanil,  Biscayan  iron  ore,  red  hematite,  definition  of K* 

analysisof M^ 

Campo  &Co.  (Haro,  Spain), cream  of  tartar ^ 

Camus  Fr^res,  Neppel,  &  Co.  (Paris,  France),  acetic  acid,  metaUio  acetates,  metbylene ^ 

Canada  ($ee  Qreat  Britain:  colonies). 

Candiani  (J.)  &  Bifil  (Milan,  Italy),  sulphuric,  nitric,  hydrochlorlo  adds,  preparations  of  sine 
and  iron  for  paints,  soda,  superphosphates ^^ 

Candles  fh>m  parafflne ^ 

Cangiottl  (A.)  (Pesaro,  Italy),  sulphur ^ • 

Cape  Colony  («m  Great  Britain:  colonies:  Cape  of  Good  Hope). 
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F»ge. 
Cape  Goromandel  (New  Zealaaid) — 

gold  ininmg ..»^^.... 233 

Cape  of  Good  Hope  {tes  Great  Britain:  colonies). 
Cape  Pateraon  (Victoria,  Australia)— 
mining  industry — 

coal 242 

Caravaya  (Peru)— 

species  of  calisaya  growing  at 137 

Camiola  Chemical  Works  (Long  Island  City,  N.  Y.),  acetate  of  lead 100 

Carof  &.  Co.  (Plondalm^Keau,  Finistdre,  France),  iodine,  potash,  etc.,  from  sea-weed,  bromine. .  82 

CaroUnenthal  (Bohemia,  Austria) — 

chemical  industry 73 

soda    73 

Carpathian  Mountains  (Austria) — 
mining  industry — 

salt 293 

Ciirrara  (Italy)— 

marble  quarries 306 

Cars  i$ee  Railways). 
Carthaginians  (ancient)— 

mining  operations  in  Portugal 823 

C<U9ia oeeiderUalU,  plantof  Martinique,  asubstitnie  for  coffee 123 

Cassiterite  {$ee  Mining). 

Cassonl  &  Colotta  (Val  di  Ledro,  Tyrol,  Austria),  magnesia,  etc 75 

CasteUon,  province  of  (Spain) — 
mining  industry — 

lignite y 815 

Castrocaro  (Italy) — 
chemical  industry- 
bromides  M 

iodides 04 

iodine 04 

Catania  (Italy)— 

chemical  industry — 

sulphur 93 

Catir.on  (Paris,  Fi-ance),  preparation  of  pepsin  with  chinchona,  iron,  wine,  and  glycerine 122. 

Caucasus  (sMKussia:  proTinces). 

Cazalis  &  Leonhardt  (Montpellier,  Franco),  sulphuric  and  tartaiic  acids,  bauxite,  salt,  alum. . .  70 

Cederblom,  boring  apparatus  for  prospecting  for  ores 286 

Ceinture  Railway  (Paris,  France),  its  cars  equipped  with  the  Westinghouse  air-brake 467 

Celebes  Islands  ($ee  Netherlands :  colonies). 
Centennial  Exhibition  {see  International  Exhibitions). 
Centreville,  Mich.— 
chemical  industry — 

essential  oils 160 

CERAMICS— 

articles  manufactured — 
chemical  apparatus— 

stone-ware  recipients  for  sulphuric  acid  in  vitriol  chambers 16 

fire-clay  tubes  in  fuming  sulphuric  acid  manufacture 24 

stone-ware  recipients  fur  nitric  acid 26,27 

replaced  by  glass .' 26 

porcelain  vessels  coated  wit  h  platinum  as  substitute  for  solid  platinam  68 

decoration — 

enamel  colors  for  porcelain  made  from  platinum 67 

iridium 60 

uranium 301 

fbel  used  in  maaufSiicture,  Great  Britain 210,211 

materials- 
fire-clay,  Sweden ', 263 

clay,  sand,  Belgium    273 

ancient  Roman  pottery  found  In  Saint  Domingos  mines,  Portugal 324 

Cereaine,  imitation  of  beeswax,  firomozokerit 72 

Cemslte  («m,  alto^  Chemistry :  alto,  Mining) — 

carbonate  of  lead,  definition  of 282 

32  P  U— VOL  4 
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Cesena  (Italy)— 

ohemical  industry — 

sulphur 93 

Cesena  Sulphur  Company  (Cesena,  Italy),  sulphur 88 

Ceylon  («m  Great  Britain :  colonies). 

Chaguine  &  ProkoQcff  (Saint  Pet«r8burg,  Ruflsia),  egg  and  blood  albumen,  dried  blood  manure.         15o 

Chambers  (James)  ic  Co.  ( London,  Ensiland),  general  chemicals 91 

Chapuis,  H.  (Paris,  France),  sulphuric  acid  concentrating  apparatus :  paladium,  iridium,  stills 

for  hydrofluoric  acid 87 

Chard,  R.  J.  (New  York  City)— 

lubricino,  used,  with  his  lubricating  cups,  in  United  States  machinery  section 150, 160, 162 

misplacing  of  this  exhibit,  referred  to    6noC0 

Chardin  &  Mastnignon  (Paris,  France),  i>erftimery  from  paralfine 116 

Charleroi  (Belgium) — 
mining  industry — 

coal 278, 274, 275,  W8 

ChassainsT,  Gu6non,&Co.  (Paris,  France),  pepsin 121 

Channy  (France)— 

chemical  industry — 

alum 81 

potash   81 

soda 81 

sulphuric  acid 81 

glaiss  manufacture 81 

Chaves  &  Gonzales  (Bollulos,  Spain),  cream  of  tartar 06 

Chemical  Works  of  Brockvllle  (Brockville,  Ontairo,-  Canada),  nitric,  sulphuric,  hydrochloric 

acids 77 

Chemical  Works  of  StaTnn;;er  (Stavangci-,  Norway),  soda  products,  sulphuric  and  hydrochloric 

acids 05 

CHEMISTRY  AND  PHARMACY— 

[Note.— TAe  chemical  and  pharmaceutical  exhibiU  are  irtdexed  in  detail  under  the  iitlet  qf 
the  producing  covntriet,  viz : 

Ar«:entine  Republic,  Ha>'ti,  Portugal  (with  colonies), 

Asia  Minor,  Italy,  Russia  (with  provinces), 

Austria- Hungary,  Japan,  Salvador, 

Belgium,  Luxemburg,  Siam, 

Bolivia,  Mexico,  Sweden, 

Chili,  Monaco,  Switzerland, 

China,  Morocco,  South  America, 

Denmark  (with  Greenland),      Netherlands  (with  colo-    Spain  (with  colonies), 

France  (with  colonies),  nios),  Tunis, 

Germfuiy,  Nicaragua,  United  States  (with  individ- 

Great  Britain  (with  colonies),    Norway.  ual  States), 

Greece,  Persia,  Uruguay, 

Guatemala,  Pern,  Venezuela. 

See,  aUo,  Forestry,  Machinery,  Mining  Industries,  Operatives.] 

classification  of  exhibits  (Group  V,  Classes  47, 63) 2 

Report  on  "Chemical  axh  Piiaumaceuticai.  Procbsres  axd  Peepabatio.vb,"  by  TrioxAs 

E.  Jenkins,  M.  D 1-162 

exhibits  of 4,6 

by  United  States  inatlequate 7,8,00 

recent  projjrcss  in * 

stimuhitedby  international  exhibitions 3 

difficult  to  obtain  information  concerning 4-7 

list  ofjurora  of  Class  47 5,6 

number  of  exhibitors,  by  countries ^ 

awards,  by  countries  "* 

percentage  of  awards  to  exhibitors,  bj-  countries '**^ 

illustration  to  the  report — 

Plate  I.  Schaflher  Sc  Hclbig's  Method  of  Regenerating  Sulphur  from  Soda  waste 42* 

jiianufactures,  products,  processes,  new  or  recently  iraprove<l  («m,  alto,  jMrthtr  r^ereneee 
to  the  eame  eubetaneee  under  the  HUe  o/ Products,  etc.,  beiovf) — 
acids- 
organic 3,0* 

benzoic CS,W 
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CHEMISTRY  AND  PHABMACY-Contiinied. 
MftmifactiiTes*  products,  and  prooeaaeB— 
acids— 

benzoic— 

fttnn  nAphthaline .' 63 

nrine  of  herbiyeroos  animala 68, 64 

Daabln's  procesH 64 

Pats'a  process 64 

oxalic  68 

from  sawdust 63 

pine 63 

bran 68 

oeUolose 63 

Ugnoae 63 

nitrates  in  waste  of  braas  and  copper  works 63 

Aaselin's  process 63 

Boblig's  process 63 

Thorn's  experiments 63 

used  in  beet-root  angar  mannikctnre 63 

not  iwisonons 68 

tertaric 64 

fhnn  wine-lees 64 

Dietrich's  process 64 

aUaarine 100-108 

first  natural  dje-stnff  prepared  artificially 100 

production  firom  anthracene  discoTored  by  Graebe  A-  Liebermann  (1868) 100 

displacing  madder 100, 101, 118 

indigo 105,107 

ultramarine 107 

mannfiustnre  of. 100, 104 

processes 100,105 

Crraebe  Sc.  Liebemuum's 100. 101 

Biudschedler  &  Buach's 101,104,105 

colors  produced— 

red,  Tiolet  shades 108, 105, 1 06 

yellowish  shade 108 

fuchsine 106 

orange 104,105,106 

blue    105 

greenish 105,106- 

reddish 105 

lake 105,106 

purple .• 106 

violet 106,107 

derlTatires  of— 

nltro-alizarine 104,105 

aHzarine  blue 106-108 

properties  of .   106-108 

priees 100,101,104.107 

use  aa  a  dye-stuff  {$€«  Textile  Fabrics). 

nliimina  preparations 57, 58 

alominiuro,  sulphate- 
displacing  alum  in  paper  manufiictnre 57, 58 

dyeing  textile  fabrics 57,58 

English  prodesa,  sulphuric  acid  and  china  clay g 

French  process,  hydrochloric  acid  and  slag  of  iron  Hunaoea 58 

Hutter's  process,  ferric  sulphate  and  zinc 58 

aluminium,  hydrate — 

for  decolorizing  beet-root  j  aloe  58  ■ 

Ldwig's  process 58 

aluminium,  salts — 

DucWs  process 56^ 

ammonia  («m  soda,  btiow). 
anthracene  (tee  alizarine,  abeve). 
tinthraquinone  (m»  alizarine,  above). 
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CHEMISTBT  AND  PHARi^fACY— Continued. 
MannfaRtnrea,  products,  and  processes- 
borax  and  boraoioacid 50, 00 

for  antiseptic  and  cleansing  purposes 50 

sources  of  supply 50 

Tuscan  fumaroles  displaced  by  deposits  in  America 50 

Asia  Minor 50 

SioUy  50 

Dienla&it's  theory  of  the  formation  of  boric  acid 80, 00 

fiechi's  theory 00 

decrease  in  price 60 

bromine 54,66 

great  production  of;  in  United  States  i 5i,59 

displaced  production  firomkelp 54 

Staasfnrth  salines 54 

uaesof 55b  O 

in  metallurgy,  proposed 55 

Hahn'sm«^thod  of  obtaining,  Anom  saline  liquors 66 

decrease  in  pi  ice 54, 66, 68 

shipped  as  bromide  of  iron 56 

chlorine  and  bleaching  powder 51-54 

processes  of  manufacture 51-64 

Solvay's  plan  of  utilizing  ammonia^oda  residues 51, 52 

Weldon's  process,  regenerating  oxide  of  manganese 52, 58, 78, 70, 80. 84, 00 

Deacon  &.  Hurter's  process 62, 63, 64 

Jetzler's  process 53 

Dualop's  process  S3 

Hbfbnann's  process 53 

Hasenclever's  process 54 

manKanesc»,  peroxide,  supply  of 54 

publications  on  composition  of  bleaching  powder 54 

by  Hurter 54 

dnchona  (tee,  alto,  quinine,  bdoto) 138-140 

alkaloids,  febriftige  properties 188, 188, 130 

cinchonidino 130 

cinchoninc 130 

quinetom 130 

quinidino 130 

quinine  (tee,  aito,  quinine,  bdow) 130 

mAnufacturo  of 138, 139 

Broughton's  method ISO 

Wood's  method 130 

De  Vry*8  method  (quinetum) 180, 140 

cultivation,  acclimation,  etc.  (tee  Forestry). 

cod-liveroil , 148-140 

early  technical  use 147 

medicmal  use  began  about  1830 147 

expoundecl  by  Dr.  De  Jong,  1846 147 

improved  manufocturo  (Moller's)  began  1860 147 

processes  of  manufacture 147, 148 

Mdller's  steam  process 147 

old  system 148 

** oleum  jecorit  (UtelH  flavum" 148 

"  oleum  jeeorie  attelti  /lavum  futium  " 148 

oil  without  stcarine ". 148 

residues  used  for  tanning 148 

manure 148 

annual  production  in  Norway 140 

destinations  of  export 148 

catching,  curing,  etc.,  of  the  llsh  (tee  Fish), 
ooniferin  (tee  liavorinf!  extracts,  below ;  alto.  Forestry). 

cyanides 00-63 

neod  for  tlioir  cheap  production 00 

consumption  of  ferro-cyanide  of  potassium  (yellow  prusslate)  in  Europe  and 

America 61 
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CHEMISTBY  AND  PHAILMACY-Continued. 
Manofkotares,  prodacts,  and  piooesses — 
oyanides— 

prod aoed  from,  refuse  of  soda  works dO 

salphurlo  add  manafiMttare 02 

gaspnriflers 00,81 

nitrogen,  with  carbon,  potash,  baryta 01 

carbon,  bisulphide,  on  nmniouium,  sulphide 81 

prooesiea  of  manafjctura '    80-63 

Erlonmeyer's 80 

Donglas's 80 

A1ander*s 80 

Valentine's 80 

Tohernlac's 15.81,81 

GeliB's 81 

*  elegant  pharmacy" 114,115,167,158 

growthof 115,157,158 

advnntagea— 

medicines  compounded  with  superior  apparatus 114 

specialskill 114 

of  better  quaUty 114 

lessnanaeona 158 

lower  prices 114 

oliJeotions— 

Ingredients  concealed 116 

possible  adolterfttion 115 

poor  ingredients    158 

lightweights 158 

InTeatigation  by  the  American  Pharmacentical  Association 115, 158 

views  of  the  "  London  PhArmaceutical  Jonmol  and  Transactions  " 116 

the  apothecary's  vocation  endangered  by 114, 115, 158 

encalyptus— 

hygienic,  pharmacentical,  and  medicinal  properties 138-136 

dispelling  miaama 134 

disinfecUnt 134 

antiseptic 184 

phannaoentical  products 134, 186 

encalyptol 185 

essential  oil 186 

aaaolvent 135 

in  perfumery 135 

soap  135 

as  disinfectant 135 

growth,  acclimating,  general  nses  {iM  Forestry) . 

Professor  Bentley's  description  of,  quoted 184, 185 

flavoring  extracts 89-71 

▼anilla 88 

imitated  in  artificial  vanillin 00 

vanillin,  production  of 89-71 

ft«m  the  vanilla  pod 89 

coniferin  (sm,  obo,  Forostry) 89-70 

engenol  in  oil  of  cloves,  of  pimento,  etc 71 

benzoin  resin  71 

avenine  (from  pericarp  of  oats) 71 

Haannann  &  Tiemonn's  process 70, 71 

Beimer's  process 70 

Bnmp's  process 71 

Serullas's  process 71 

henna 151 

used  to  color  the  hair  and  nails 151 

in  combination  with  reng 151 

description  of^  by  Dr.  Tholozan,  physician  to  the  Shah  of  Persia*  quoted 161 

hydrochloric  acid  (ms  soda,  hdow). 

iodine 66,58 

discovered  in  Fmioe 56 
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CHSldSTBT  AND  PHAKMACY- Continued. 
KannfoctiiTea,  prodaota,  and  proceases— 
iodine— 

fonnerly  produced  chiefly  from  kelp 55 

in  France  and  Scotland 55 

European  mannfaotai'e  displaced  by  by-product  of  nitrate  of  sodium  works  {§m, 

olfo,  South  America) S5 

eflbrta  to  compete,  by  arrangement  with  PeruTian  manuftiotuiera 55 

improved  proccaoes 

Stantord'a 56 

aialzat  &  PeUieux's 5« 

Mas6-Lannay's 56 

Herland's 36 

Schmidt's 56 

Galloway's 56 

WoUeston's 56 

decline  in  prices 56 

varieties  of  sear  weed  employed ^.m. 56 

manganese  oxide  (tM  chlorine,  above), 
nitric  acid  and  nitrates— 

nitrioacld 96-38 

from  sodium  nitrate  (Chill  saltpeter)  with  solphurio  aeid 36 

with  manganese  chloride  (Knhlman's  process) 26 

alamina  (Wagner's  process) 36 

calciam  carbonate  and  steam  ( Walz's  process) 28 

Julian's  electric  process 27 

improved  apparatus  (fM  Ceramics,  Glass,  Machinery)   28^37 

residnes  yield  soda  crystals *J7 

faming  (Nordhausen)  sulphuric  acid 27 

nitrate  of  soda  (soda  saltpeter) 27, 28. 45 

ftvm  deposits  in  South  America 27 

produced  by  lixiviation 27 

old  method  (boiling  in  water)  abandoned .*. 27 

production  a  j;ovemment  monopoly  in  Pern 27,28 

nitrate  of  potash,  saltpeter 28 

sources  of  supply 28 

from  potassium  salts  and  nitrate  of  sodium 28 

chloride  of  potassium,  ftt>m  Kalusz 28 

Stassfurth  salts 28 

Schmidt's  process,  from  iodine  residues,  kelp 28 

niter.  ftt»m  Chili  saltpeter  and  beet-root  sugar  carbonate  of  potassium 28 

nitnHdlsarine  (tee  alizarine,  itiwve), 

ocokerit 71,72 

Muroes  of  supply 71, 72 

description  of 72 

produces  cereaine  (sold  as  beeswax)  72 

illuminating  oils 7^ 

parafflne 72 

peptone ia;123,mi41 

properties  of IS.  123;  140 

mode  of  administering       14©,  141 

method  of  preparation  (Sanders's) 1^1 

production 1** 

price Ml 

treatise  on,  by  Henninger IC;12S 

pitnri '. 1» 

derived  ttom  plant  Duboitia  hopwoodii ^ 

chemical  properties 138 

stimulating  narootlc,  co  urage-compelllng 122 

use  by  HsUutha  tribe,  Australian  aborigines 12^ 

potash,  pniaslate  («m  cyanides,  above). 

potassium  salts                 284! 

deposits  at  Kalusz 28 

Stassftarth 28^8»42 

extraotedftom  thesuintof  wool ^ 

sea-weed  ashes 28 
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manafiictaiM,  prodaoU,  and  prooessea— 
potaasinm  salto— 

extracted  from  mother-waters  of  Balt-gudena 29^  M 

reflidnes  of  beet-root  sugar 80 

inveetigatloiisof  A.W.  Hofinann 29 

Yanqaeliii 29 

CheTreiil 29 

Pfeiifer 81 

manufiftotiiring  process  of  Herland 29 

Merle 29 

Vincent 80 

Brfinner 81 

DeGonsinier 81 

W.Siemens 82 

use  of  pearlash  diminishing 29 

kelp  reftise  as  fertilizers 29 

sodiom  snlphato  in  glass  manofactore 80 

Stassfnrth  reeidnea  from  potassiam  chloride  in  glass  mannfactare 81 

for  extracting  glanber  salts 31 

prices 29 

quinine  (see,  altOy  cinchona,  a^ove) , 142,143 

mannfactare  ot,  in  Italy 142, 143 

vailetiea  produced 143 

deriyatives  of  oinchonidine  (22) 143 

cinchonine  (15) 143 

quinidine  (17) 148 

quinine  (40) 143 

•AmAm 153 

Swedish  exploslTe  preparation  of  nitro-glycerine,  wood-charcoal,  and  explosivo 

aalts l&i 

properties  of 153 

superior  effidenoy 163 

safety 158 

soda  industry 82-51 

recent  advances 82 

sources  of  supply 82 

natural  soda  deposits 83 

ftomkelp 88,48 

cryolite 88 

sulphate  and  hydrochloric  acid,  manufacture  of 83-87 

apparatus  and  processes — 

Jones  &  Walsh    33,84,88^ 

Cammack  dt  Walker 84* 

Hargreaves  &  Robinson  32, 14, 86, 86 

crude,  from  sulphate,  Lablanc'a  process 37-39, 44, 45 

apparatus,  improvements,  etc. — 

Mactear 37,38,89,46 

Elliott  &  Russell 87 

Hargreavea  &.  Robinson 82, 88, 45 

Malherbe 88 

E!opp  &  Stromeyer 88 

Th61en 89 

waste,  regeneration  of  sulphur  ttom 39-48 

method  of  Mond 40 

Schaflfner 40,43 

Schafiher  &  Helbig 40-42 

plates  illustrating 42* 

Krausahaar 43 

Mactear 43 

Hewitt 43 

ammonia-soda 82,44-60 

processes— 

Solvay .....44^18.48 

Schalke 46 
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CHEMISTBT  AND  PHABHACY-Continaed. 
mannfftotnreB,  prodaoto,  and  prooeoaes— 
soda  indastry— 
ammonla-eoda— 
proceaaeaa 

SohliMng  &  BoUaad 44 

Bohmidt 46,48 

Honigmann 48, 47 

De  Grooaillien 48 

W.  Siemens 48 

Soherbasoheff 48 

Gerlaob  (prodacing  ammonia  aalta) 48 

Clause  Wallace 49-50 

■mmonla,  uaed  in  glass  works 46^  47 

ultramarine  works 48 

caustic,  and  carbonate  of  sodium- 
new  methods  of  manofiftotare 50,51 

Vincent's 50 

Dayis's 51 

Dohlig's 61 

GrfknebergA  Forster's 51 

Thirion's 51 

Weldon'8 51 

Arrott's 51 

L6wig'3 51 

silicates,  nsed  in  glass  works 61 

sulphur  waste  firom,  regenerated 51 

manufacturoil  into  hydrosulpbites 51 

sulphur  [see  soda^  above;  alio  the/oUowing). 

sulphuric  acid >-26 

importance  of  the  industry 9 

recent  progress 9 

production 9 

sources  of  supply 9, 10 

pyrites 0^10.13^15 

sulphur  deposits 9^40 

regenerated 10 

from  gas  works '. 10 

glass  works 10 

sulphureted  hydrogen 10,22 

blende 10 

machinery,  apparatus,  processes- 
pyrites  burners 10-13 

Hofinans 10,12 

De  Hemptinne'  s 10 

Uode's 10,12 

Gerstenhofior's  11 

Ferret's 11,13 

Maletra's 11.12,14 

Knnheim's 12 

Hasendever  &  Helbig's 12,13 

Walker's 12 

Spencer's 12 

MacDongall's 18 

for  utilizing  residues  £h>m  pyrites  burners 13-15 

Gibb  &  GUtharp's 14 

Claudefs 14 

▼itriol  chambers 15-17 

Sprengd's  improyemeut 16 

I  )e  Hemptinoc's  method 10,17 

Glover's  tower 13,16,17-10,78 

Gay-Lussao's  tower  16.18,19,26 

for  concentrating  tho  acid 19-22 

apparatus  of  lead 10 

De  Hemptinne's    10 
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mftapfttrtores,  prodaoto,  and  pTooesaes— 

snlphmic  add — 

machinery,  apparatna,  proooaaoa 

apparatnaof  plAtinnm  and  lead 19, 20, 21 

Fanre  &  Keaaler'a 19,20,21 

pUtiniim 10,20,21,22 

Johnaon,  Matthey,  ft  Co.'a 20,21,66,66,00,91 

Deamontia  &Co.'8 20 

liiebig'a  improTement 20 

Iron  and  lead 21 

laohtenbeiger'a 21 

l^aaaretorta 21,22 

for  pui^ringtiie  acid 22 

Dupaaqnier'a ; 22 

inreatigationa  anl  writinga  on  the  proceaeca 

by  P.  W.  Hofinann 15 

Lunge 15)17,18 

DeHemptinne 17,19 

Bode 17 

Yorater 17,18 

Hmter 17,18 

Davte 19 

Schemer-KeatDer 21 

Favre S2 

ftuning  (Kordhanaen)  aolphnrioacid , 22-^ 

anOient  mannflxTtnre  of 22 

extracted  from  vitriol  ahkte 28 

proccaaoB  of  mnnnfaotare 28-26 

Bngliah,  French    28,24 

Winkler'a    24 

Walters's 25 

need  aa  a  pigment 28 

in  dyeing  textile  i&kbrice 23 

manofaotaring  aliaarine 28 

aolphnrooa  and  hydroanlphnxona  add 26,26 

naed  in  making  artifldal  ice 26 

wine  and  beer  making 25 

dydng  textile  fikbrioa 26,26 

bleaching  woolen  gooda 26 

anperpboaphatea 66,57 

proceaaea  of  mannfactnie 66,67 

Kohlranaoh'a 66,67 

Way'a 57 

Thibault'a 57 

inveatigationa  of  the  pxodnotion  of .«..  57 

Kolb'a 57 

Armaby'a 57 

Brlenmeyer'a 57 

Tanilla,  vanillin  (laa  flavoring  extraeta,  a6oM). 

vermilion— 

prooeaaof  mannfiaotare  at  Idiia 804 

prodncta,  by-prodncta,  material  a 

[yoiB.— AMik  ^  tft«M  prodfMte  a»  a/npnjke^  ly  an  atUrUk  (*)  arefurthsr  indeoeed 
fouler  Mining  Indoatriea.] 

acetic  anhydride 71 


acetic 67,76,86,92 

araeniooa 19,22,64 

benxoic 64,87 

boracic 69, 60, 83, 88, 91, 92, 94, 180, 131, 152, 153 

carbolic 129 

carbonic 81,46,94,114 

cetylic 129,180 

obramio - > 86 


506  INDEX. 

CHEMISTRY  AND  MANUFACTUBES-Coatfaiiied. 
prodnoto,  &o.— 
acids— 

chryaophanio 91«181 

cinnamio U3 

citric 88^91.180.181,141 

gallic 85y8«.ll» 

j^Ueminio 130 

hemipinlo 180 

hippurio 64 

hydrooblorio 34, 80, 37, 48, 45, 58, 63. 64. 78, 74, 76. 70, 77. 80. 82. 84. 90, 02. 31 9fi.  07. 105 

hydrocyanic 87 

hydroflaorlo 88,87 

hydroruthenlo 67 

hydrosnlpb  areas 0,25,76.105 

isobutyl-fonnio 143 

methyl-ethyl<ac6tato 143 

Ditrio 15, 16, 23, 26, 27, 63. 78, 74, 76, 76, 77, 79, 82. 87. 02, 98, 95, 06^  07, 101. 104. 146 

oleic 120 

opianic 130 

osmic 67,86 

oxalic   63.95.146 

pentylic 143 

pyrogallic 86,100 

quinic 143 

qoinonic 143 

racemic 120 

salicylic 25,76,121 

siUcic 45,51 

stearic 120 

8ulph<delc    106 

■olpboricinlc •     106 

solpburic 9-26,34,36,43,45.46,54,58,61,68,78.74,75,76,77,79,80,81,82,86.87,90,92, 

98, 94, 96, 96, 97, 98, 102. 106, 110, 146 

faming  (Kordbausen) 28,24^73,103 

tartaric 64, 73. 74, 75, 79, 9%  144 

tbeobolactic 129 

trimetbyl-aoetic 143 

yaledanic 181,143 

Tanilllc 70 

alautine 118 

albomen 150,152 

alcobol 31,88»1M 

amylic lU 

ooniferyl 70,71 

metbylic 80 

aldehyde,  metbyl-protooateohnio 70,71 

salicylic 71 

aUaarine 28,10&-18,Ua 

blue 106-108 

alkaUes 82,78,89,99 

alkaloids 107.120 

Fowne's 129 

alkatbrepta WO 

allspice IM 

aloes  192 

aloln 19 

♦alum 58»  71, 81. 86, 87, 91, 92, 94,  OB,  97, 90. 106 

alomina 45, 78, 84, 86, 86^  87, 10$,  m  13o 

acetate 73 

hydrate  77 

phosphate lU 

•nlphate 76^  77, 94, 100 

inlphite • 9t 
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prodnots,  &o.— 

•Alnminiom 48,84 

bydiate 68 

phosphate 131 

sulphate 68 

almnino-ferric  cake 91 

amhrette 154 

ammonia 33, 44, 45^  50, 61, 82, 68, 73, 75, 90,  K 

alnm 76 

canstlo 74 

chloride     47 

hydioohloiate 73 

hyposulphite 180 

salts 95.107.146,175 

salphate 73,90,92,94,99,161 

ammoninm— 

chloride 31,50 

salts 30 

sulphate 10,46 

sulphide 61 

sulpho-caTbonate 61 

sulpho-cyanlde 61,62 

amyl,  nitrate 157,161 

amylopsine 122 

anatherine 109 

nngneonm  fragrans 126 

anhydride 31 

sulphuric 24,25 

aniline 16 

anisate 143 

anise i 109,162,164 

oil 150 

aanotto   183,155 

anthracene 79, 100-106 

aathraquinono 70,101-104 

*sntimony 14,54.117 

apoUofist 161.162 

apomorphine 120 

hydroohlorate 129 

araohldes 124 

arbutus  UTa-nrsi 162 

areoa 132 

arrowroot 129,132,133 

^arsenic 10,14,16,19,22,25,129 

araeniousaoid 19,23,64 

aseptino 152 

asparai^e 142 

assafoBtida 151 

atcbim6 .    124 

atrophine U6, 118,  U9, 120 

ayenine 71 

axle-grease 159 

halata  gum 128, 131 

harbalotai 129 

barium — 

binoxide ; 85 

carbonate 90 

citrate 141 

ohlorate 74,86 

chloride 74 

salts 80 

sulphide 22 

bark  extract  for  tanning 160 

•baxyte 61,80,106^106,108,119 

chlorate 119 
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CHEKISTBY  AlTD  PHACMACY-^Gontiiined. 
products,  Ac. — 

baunes  dn  Salvador 155 

•bauxite 77. 79, 84,  M,  91 

bay  rum ISl 

beeswax 72, 74, 113, 131, 144, 145, 149, 161, 152, 154. 165 

bemsine ...72.76,103,104,106 

benzoic  acid 64.87 

beiuBoin  resin 151 

benzophenon 86 

berberine— 

hydroohlorate 100 

salts 167 

bergamot  oil 142 

betel  nut •- 132 

biliary  matter 129 

birch,oaof 100 

birds'  nests,  edible 151 

^bismuth 85,80^118 

black  ash  (tee  soda,  bdoto). 

blacking 146^100 

bleaching  preparations 62. 81, 85, 99 

blende 10 

blood— 

albumen  from..  150 

manure 150 

boa  constrictor,  oil  of 123 

boldo 130 

boracicacid 59^00,83.86,91,92,94,130,131,152.153 

boracite 31 

borax 69,78,83,98,99.100.161 

boro-natro-calcite 69 

"boron  diamonds" 166 

bonnafa  resin 125, 126 

bromine 54,55,63,76,81,82,83.90,98,99 

salts 82 

buohu 132 

bnnya-bunya  gum 133 

cacao 154,165^160 

cadmium — 

iodide 118,119 

salts 85^129 

sulphate 119 

caffeine,  borate 119, 129 

calcium  142 

acetate 73 

carbonate 48 

chloride 45,52,76,81.107 

fluoride 77 

manganite 52 

phosphide 86^  119 

salt 6t 

sulpho4}5-anide 62 

sulphydrate 43 

tartrate 75 

camallite 31 

camomile  152 

oil 100 

camphor 83, 991  111.  120, 129. 161 

monobromide 09,129,157,161 

cannabine 120 

cantharidino 118 

caoutchouc 95^  124, 16i  155 

oapii-cati  root -. 194 

cftpsaicine 129 
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CHEinSTBV  AND  PHARMACY— Continued, 
pradncta,  &c. — 

OB]»ales 150 

cftrboUoacid 129 

oarbon 61 

bianlphide 61, 79, 92, 03, 109 

dioxide 14 

monoxide 51 

sulphide 89 

tetrachloride 89 

oardamom 128,161 

eaxouba 152 

sirup     140 

caraway  oli 109,110 

seeds 152 

oarthamus 152 

aasoariUA 154 

oaseine 155 

oashew  nuts ^ 155 

oaaaia 123,145.146 

oastoroil 131,142,151,154,161 

oatechn 128 

cedarresin 154 

oeradilla 154 

oetyUcaoid 129,130 

charcoal  (as  ingredient,  not  fbel) — 

animal 72 

sea-weed 90 

wood 152,153 

chloral — 

slooholate 120 

amylic 120 

ethyllo .. 120 

hydrate 117,120 

methylio 120 

propylio 120 

chloricalcicnm 90 

chlorine 31,45,51-64,63,84,89,90,99 

chloroform 70,71,79,88,117,119,130 

chlorosone 86 

chocolate •     144 

chrome 106, 106, 107 

sulphate 105 

chromic  acid 96 

chrysophanio  add 91, 131 

clBohona 117,123,128,132,136-138,141,154,155 

sahs 117 

cinohouicine 143 

cinchonidine 139, 143 

bibromated 148 

cinchonine 139, 143 

bibromated 143 

cinchoteneine 143 

*cinnabar 108 

cinnamic  acid 133 

cinnamon 128,132,151 

citric  acid 86,91,130,131,141 

citronella  oil 132 

doves- 
essence  132 

ofl 71,106,107,108 

coal  (as  ingredient^  not  fnd) 10, 16, 38, 50, 62 

tar 100 

coca 130,154.155 

cochineal 152,154,155 
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CHEMISTBY  AND  PHARMACY— Continued.  ^^ 

prodactB,  &o. — 

ooooanntoU 181, 13S;  154^  1&5 

codeine 1 1ft,  1 29 

ood-UveroU 108,120,146-148 

coke  (SB  ingredient,  not  fuel) ^. 17,18,83,72 

oolcbica 130 

colooynth 125^152 

coloring  preparations 101-106^  145^  1S&,  156 

colors 96 

conicine  bromohydrate 118 

coniferin 67, 70 

coniferyl  nloohol 70, 71 

ooniine 144 

copaiba 123,128,131,154,126 

copal. 154 

copalcbe  bark 154, 155 

*copper 13,14,15 

chloride 81 

oxalate 63 

sulphate 58, 78, 76, 95, 97, 324  note,  424. 425 

sulphide 14 

coriander 152 

cork 113 

corozooil ..  154 

oosmoline 161, 162 

cosmolnbrio 163 

coto 130 

creoeote 180,424.425 

oU 152 

cresol 130 

crocodile  musk 155 

cryolite 33, 77, 96 

cryptopine 129 

cubebs 117 

cumin 151,152 

oil  of 150 

curare 118,123 

cumrine 118,180 

curcuma 155 

cyanides 38,60,62,79.87 

dambonite 118 

datura 15S 

daturine 116.118 

salts 118 

desiccated  flowers,  herbs,  etc  Ill 

dextrine 107 

diamantino 156 

dismonds,  black,  artificial 166 

boron 156 

carbon 156 

diaetase  122 

dicodeia 129 

digitaline 116,119,152 

digitalis  152 

dlhudu  oil , 132 

dimethyl .,, i30 

disinfectants 86 

divi-divi 154 

duboisia ,....,,, 130 

dye-stuffs,  woods 181,154 

<*gg»i  spirit  of ., 131 

elaterlno 119 

"elegant  pharmacy" 114,115,167,158 
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CHEMISTRY  AND  PH  A  KM  A  CY—Cpntinaed. 
products,  Ac. — 

ellzin 168 

ooca 154 

enpeptlque 122 

epeom  salts W,  181 

ergot 128,162 

ergotine 162 

erigeron,  oil  of 169 

erythrit 88,118 

erjthrophl6ine 126 

erythrophleiim  Gnlnsense 124 

teerine 11»,124 

salts 119 

essences — 

ciimamon 182 

doTes 182 

fruits 109,110,117,120,128 

linaloe 165 

nutmeg   182 

patchouli 182 

verbena  188 

essential  oils  (ms  oils,  6«loio). 

ether : 79,88,98,110,117 

etherialoils  . 109,150 

enoalyptio acid ^.. -         128 

euoalyptol .         128 

eucalyptus  preparations 117,128,131,132,134,135,148,154 

oil    131 

eugenol 71 

extracts 112,117.129,130 

acacia  catechu 131 

bark,  for  tanning 180 

eucalyptus 181 

hflBmatoxalon  campechianum 181 

Uoorioe 142,162,180 

malt 168 

vegetable 109,150,155,167 

fennel,  oil  of 109 

ferrous  sulphate 28 

fertilizers 29,82 

flsh-glue 181,144 

flaxseed  164 

oil 152 

flowers,  flavors  and  perfumery  from 125 

preserved 151 

foenugreek 162 

formates 121 

Fowne's  artificial  alkaloid      129 

fruit  essences  and  extracts 100, 110, 117, 120, 128 

furforine 129 

gaduine : 129 

*galena 10 

gallicacid 85,88,11© 

gailium 81 

galls 152 

gambler 180 

garanoine 95 

gelatine  preparations 108, 109, 180 

gelose  (fhmi  sea-weed) 145 

gelseminic  acid  130 

gelseminum 188 

giobertite 94 

l^aubersalts 29,31,131 

glucose 105^118 
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CHEMISTRY  AND  PHABMACT-Contiimed. 

prodaots,  A^c— 

glne iai,ia3,Mil56 

glyoecollB 180 

glycerine 99, 105^  106, 107, 108,  HI,  121, 120, 190, 144, 160, 161 

gljcyrrhizine 160 

gnoaoopine 129 

*gold 13 

chloride 86 

green-turtle  oil  141 

ground-nate 124 

gnaco  154 

gnaiaool 71 

gnarana 1M,154 

goaranine 130 

gxuDB 127,183,163^154 

aoariodes 133 

balata 128,181 

bnnya-bunya 133 

giitta 151 

Senegal 134 

gntta-peroha 182, 156 

hematosine 118 

hemipinio  acid 64 

henna 161,158 

herapathite 120 

herbs,  and  preparations  of 100 

honey 113,131.1481,152 

hops 111,112,118,152 

hydrochloric  acid 34,30,37,43,45,53,63,64,73.74,75,70,77,80,82,84,90,92,93,95,07,105 

hydrocotamine 129 

hydrocyanic  acid 87 

hydrofluoric  acid 86;fc7 

hydrogen,  solphureted 10^  li  22 

hydromthenio  acid 67 

hydroeulphurouB  acid 9, 25, 76. 105 

hyoeclamine 119 

hy];>opho8phates 181 

ici^a 124 

icthyocolla 153 

igasuzine 120 

ilango 125 

illnminating  oils 72, 154, 155, 160 

india-rubber 133 

indigo 105,106,107.108,144,145.151,154,155 

indigotine 88,118 

in6ine 125 

ixik 146,153 

iodine 29.56,68,75,78,83,87,88,89,90,94,97,121,155 

from  sea-  weed 29,55,56,81,83,83 

•iron 13,14,94,100,107 

acetate 73 

arsenate 14 

bromide 86 

ohromate 96 

dialyzed 158 

hipporate 6i 

liquor  (used  in  silk  mannfaotore) 97 

Michel's  ("ferhfimatique") 121 

nitrate 74 

oxide 15, 28, 88»  89, 48, 62, 88, 94, 97 

I>erchloride 64 

phosphates 121 

Querenne's 121 

salts 106 
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CHEMISTRY  AND  PHARMACY— Continued. 

prodacta,  Sec. — 

iron — 

sulphate 11, 15, 58, 78, 02, 94,  W 

snlphide 62 

preparatioDS  of,  for  painting 08 

iainglass 127 

iaobutyl-furmic  acid 143 

jaborandf 130, 154 

jalap 120 

"Jarel  water "  (for  bleaching) 81 

jervia 160 

Ji:Ouhe 180 

Juniper  oil 131 

kainitc 81 

kamaline 119 

kekunaoil 131 

kelp  (gee,  alto,  sea- weed,  below) 65, 56, 82, 83 

kisseritc 31 

lac  dye 151 

lactates 121 

lavender,  oil 67 

•lead 14 

acetate 73,75,100,161 

salts ^ 80,96 

white 97 

leather-dressing 56,100,150,160 

lecanora  cscolenta 126 

lemon  juice 141,142,151 

oil  131,133,142 

lencinc 118 

licorice  extract 142,152,160 

root IW 

lime  (fruit) — 

citrate 123 

juice 133 

lime  (mineral) 10,14,47,52,62,88,105,106 

acetate 00 

bisulphite 25,43 

carbonate 94 

canstic 29,37 

chloride 74,75,70,81,84,89,97,107 

hydrate 43,94 

silicate : 43 

limestone 46,47,84 

linaloc,  essence 155 

linseed  oil 162 

liquidambar 15 

resin 154, 1 55 

lithia,  citrat-e 128 

lubricating  oil 72,98,159,160,161,162 

lubricine 359 

lye 80 

mace 132 

madder 80,100,110,118,151,152 

mapiesia 31,93 

bicarbonate 94 

calcined 91 

carbonate 91,94 

citrate 142 

hydrate 94 

hvdrocarbonate 94 

salts    75 

sulphate 78,84.94 

33  p  R — VOL  4 
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CHEMISTRY  AXD  PHAKMACT— Continnod. 
products,  &o. — 
inapipsiiim — 

calcined 76 

carbon  ato   ^iSt  09 

chloride 108 

oxalate 63 

platino-cyonide 67 

regenerated 84 

sulphate 30, 9C 

mallows 151 

malt 110 

extract / : 153 

preparations 156 

*manganeBO 38, 90 

borate 83 

oxide 70,80,90,96,97 

peroxide 52,53,64,88 

regenerated 166 

manna 142,151 

mannite 118,142 

mat^ 154 

matico 164 

meconino 118,129,130 

meconoiosine '. 129 

menispermine 119 

•mercury 75^129 

salts 74,75 

methyl-protocatechulo  aldehyde * 70, 71 

metliyl-pyn>catechin 71 

mineral  waters  94,111,114,132,149,151,155,169 

mint  oil  of 150,159 

moringa  ptcr^^goBperma,  oil  of 131 

morphia 100,161- 

salts 100,161 

morphin  o 129 

salts - 119 

musk    145,146 

crocodile 155 

mnstard,oilof 109,152 

myopsino 120 

nacascola  bark 155 

nancite  bark IK 

*naphtha 72 

oaphthaline 130.142 

tetrachloride 130 

aarceine .:..: 115,129 

narcotine 130 

nardoU ,   131 

nataloin *   129 

•nickel — 

oxide 108 

sulphate 87 

niter 28 

nitric  acid 16, 16, 23, 26, 27, 63, 73, 74, 75, 70, 77, 79, 82, 87, 92, 03. 05. 96, 07, 101. 104, 146 

jdtro-alizarine 104, 105 

nitro-bcnzine 76 

nitrogen 18 

nitro-glycerino 10^  IS 

nor-narcotino 130 

Autgalls 151 

aiutroeg 132 

•  oils— 

anacardium  occidentale 131 

boa  constrictor 123 
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CHXMISTBY  AND  PHABICACY— Continued, 
prodnots,  &<s.— 

castor 181,148,151,164,101 

oocoonat 181,132,154,155 

ood-liver 108,129,146-140 

corozo 154 

creosote 162 

essential 109, 110, 115, 116, 128, 129, 182, 157, 150 

anise 109,150 

bergamot 142 

birch : 100 

oamomilo 109 

oarraway 109,110 

eitronella 182 

doves 71,100,107,108 

oamin 150 

dihnda 132 

erigeron 159 

eucalyptus 131 

fennel 109 

Juniper 181 

kekuna 132 

lavender 87 

lemon 181,183 

mint 150,169 

mustard 109 

nard 131 

onodaphne  opifera 128 

orange 131.133 

flowers 159 

orris 110 

peppermint 116,159 

petlt-gndn ; i5o 

pimento 71,131 

rioinns 132 

roses 110 

sassafras 159 

spearmint 159 

tanay 159 

verbena / 131 

wormwood 159 

etherial 109,150 

peppermint ipo 

mustard 150 

flaxseed ]52 

greenturtie 141 

lUuminating 72,154,155,180,244 

liMeed I(j2 

lubricating 72,159,160 

apollofftt 161,182 

cosmoline   182 

oosmolubric 101  102 

sewing-mach  ine 98, 161 

vaseline I59 

moringa  pterygosperma 181 

«>1*^« 71,79,113,133,149,162 

palmichristi I55 

^petroleum 98,161 

potro  (wild  horse) I54 

okanyago j24 

oleic  acid I29 

oJlv«oil 71,79,118,188,149,152 

onodaphne  opifera,  essential  oil  of 128 

opianioaoid 130 
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CHEMISTBT  AKD  PHASMACY— Continaed. 
prodnotfl,  &o.— 

aplmn 129,145,151,152 

prepaTatioiis  ot— 

allcaloid,  Fowne's 129 

apomorpblne 129 

oaffeine 129 

codeine 129 

eiyptopine 129 

di-,  tri',  tetTA-oodeia 1^ 

fiirfarine,  nitrate 129 

gnoBOopine 129 

hydrocotaniine 129 

meoonine 129 

meoonoisine 129 

morphine 129 

narceine 129 

narootine 130 

nor-narcotine 130 

opianlcacid 180 

oxynarcottne 129 

tbebaino 129 

theobolactlc  aoid 129 

orange^^ 

flower  perftimee 145^  146 

saocharate 146 

oil  of 131,133,169 

peel 155 

tree  bark 155 

orriaoii 116 

perfames  145 

osmic  acid  67, 86 

onrende 124 

oxyanthraceno 101 

ox3rnarcotine 129 

paint,  iron  preparations  for 93 

*  palladium,  chloride 86 

palmi  christi  oil 155 

pancreatine 122 

paracotine 119 

paraffine 72,116 

pareirabrava 123 

patchouli 132 

pearlasb 29 

pellitory 125 

pentylic  acid 143 

pepper 131,132,151 

peppermint,  oil  of 116,  IM 

pepsin 120,121,12^131 

saccharated 158 

peptonea 122,123,140,141 

perfames 98, 110, 115, 116, 127, 131, 146|  140, 152;  153, 160 

cassia 145^  146 

mask 145 

orange  flowers 145, 146 

orris 145 

tonqoa  145^  146 

potit-grain,  oil  of 1^ 

phenol 70,71,76^117,131 

^phosphates 76 

phosphoras 14»  91 

pills 181 

photographer's  materials 86^116 

phtballio  anhydride 119tl» 

physostigma 124 
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CHEMISTBY  AND  PHABMAGY—Ooiitisiied. 
products,  &o^— 

pflls 10«,  317, 120,  IW,  181, 168,150 

sugUKwated 157,158 

pilooarpiiie 118,120,130 

salte 129,130 

plmianta 164 

piper  methystlcam 127 

pistachio  nats 151,152 

pltmi , 133 

plasters 160 

'platlnmn  <«m,  alto,  Metal^worUng)— 

bichloride 67 

diloride 67,87 

cyanide 86,119 

potash 78,74,77,82,83,96 

from  beet-root  sugar  xesidues 28,30 

seft.'weed , 29,48,78 

bioarb<Hiate 93 

biohxomata 107 

csostio 03,79 

ohlonite 74,90 

ehromate 95 

dtrate 128 

nitiate  (saltpeter) 28,73,75 

pnusiate 73,76,91,99,161 

snlpho-earbonato 83,89 

Tanthate f9 


chlorate 86,104 

Uflhramate 79,95,101,102 

permaiigMiata 85,121 

snlphate 82,102 


73 

bidhramate 73 

bromide 81,82,88,90,100,161 

carbonaite 31,83 

ohkcaile 81,82 

cUoiide 29,80,81,83,74,82,83,84,90 

cyanide 79,87 

femx^yaaide 81,107,108 

iodide 14,81,83,90,100 

nitrate  (saltpetor) 82,88 

oxalate 63 

pmssiate 61,87 

sslts 28,20,83,79,83,84 

from  Stassftuth  deposits 28,29,30-32 

saint  of  wool 29,75,83 

sulphate 31,62,79,82,83 

aolphide 83 

solpho^snide 82 

tartrate 74 

potro  (wild  horse),  oil  of 150 

powders,  bleaching 61-54,99 

explosive 153 

medicinal 117,158 

porpuxiBe IOC 

•pyrites 9,18,14.15,19,22,74,80,81,84,88,92,04,05,00 

pyrogallio  add 86,109 

qnassia 123,133 

qnebcaoha  resin 154 

qnina  dn  SalTador 155 

qninetom 139,140 

qninioadd 143 
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CHSMISTRY  AND  PHABMACY— Continued, 
prodacto,  Sm, — 

qoinidlnd 130 

quinine 117,120,13© 

anethol 143 

bisulphate 142 

bromated 143 

chloro-phenate 143 

citrate 141 

dihydroxyl 143 

feiTO-oyanide 142 

p  henol-hy  droohlorate 143 

sulphate 143 

Bulphonate 143 

salts 117,142,143 

sulphate 141,142 

sulpho-phenate 143 

tannate 144 

valerianate 100,141,143 

quinone 102,103 

quinonicaoid 143 

raoemio  acid 120 

reng 161 

resin 113,127,156 

benzoin 151 

bounafa,  orthapaia 125,126 

llquidambar 154,155 

quebraoha 154 

acammony 116,120 

*Thodium,  aodiO'«hlorida 67 

rhubarb 155 

ricinufl,  oil  of 132 

rose,  oil  of 116 

water 101 

rubidium 83 

saffron 161,152.155 

sago 132 

salicyUcaoid 25^76,121 

*8alts  («M,  dUo,  Stasaftuth  deposits,  Ulaw) 18, 14, 30, 84, 8^  46, 47, 78, 7».  80, 84»  88, 90, 01, 06, 97 

ammonium 80,  (MS,  107, 146;  175 

atoophine 118 

barinm 80 

berberine 1S7 

bromine 82 

calcium 64 

cinchona 117 

daturine 118 

epsom 09,161 

esserine 119 

glauber 29,81,131 

iodine 75,82 

iron -t 105 

lead 80,96 

magnesia 75 

mercury 74,75 

morphia 100,161 

morph ine llfi 

potash 28, 28;  8040, 38, 75, 79, 83, 84 

quinine 117,142,143 

sea-water 75 

soda 80,81 

thallium 85 

tin 74,76,87,96,07,105 

trimethylamine 80 

uranium 75,  K 

ranadium 75 
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CHEMISTBY  AND  PHABKACY--CI<mtii»i6d. 
ptodacta,  &o. — 

ealtpetor 28, 20, 28^76, 78, 88,%,  96,  W,  90, 101 

■andal-wood 127 

saatonine 144 

samoenia 124 

■anapaiilla 154,155 

aaaaafraii,  oil  of 159 

SMsybark 125 

satm-white  (firom  iMxiom) 90 

■oammony 116,  L20 

•ea-weed 29,55,66,81,82,83,145 

■Abastine  (exploslTe) 153 

Belflninm..  18,81,97 

Mnegal,  gnm 124 

aenna 133,152 

silica    10,43 

■ilicates 94 

■flicio  acid 45,51 

silioon 110 

'silver 13.14 

from  pyrites  residnee 75 

iodide 14 

nitrate 86 

simaroaba 123,154 

soap 98,109,110,111,131,164,180 

socaloin 129 

soda 14,82-61,73,74.76,77,78,79,80,81,84,87,88,89,90,95,96,98,99 

natural 33,96,99 

from  Greenland  cryolite 33,77,99 

ammonia 44-60, 76 

antiiroquino-monosulphite 103 

ash 9,96,97 

bicarbonate 78,74,93 

bisnlpbate  *...-      10,47 

black  ash 89,90 

calcined 73,74 

carbonate 45,74,76,83,102 

eaostic 46,61,63,78,74.80,89,90,96.104 

cmde 37-39 

crystaU 46,73,74,80,89,97 

hypophosphate 76 

hyposnlphite 73,74 

lye 39,78,103 

nitrate 16,16,27,55,73,74,88,97,155 

phosphate 76,91,107,131 

salts 80.81 

Btannate 91,107 

sulphate 33-87, 73, 74, 76^  76»  89, 90, 91, 92, 93, 96, 97, 103 

salphydrate 70 

sodixmi 68, 84 

acetate 73 

bisnlpbate 22,23,24.26 

carbonate  ..  48,67 

chloride 27,30,83,34,36,48,67,82,83 

ferroKsyaaide 88 

hydrosnlphite 26,26 

hyposnlphite 22 

nitrate 16,16,26,27,28,45,55,97,155 

nitro-pmsside 121 

silicate 61 

sulphate 10,14,16,22,24,30,83,84,39,61,80,81,84,89 

anhydrous 29,31,79 

sulphide 14,71 

74 


• 
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CHEldSTBY  AND  PHABMACY— Contimied. 
products,  &c. — 

spearmint,  oil  of 156 

sponges 118,126 

•quills 125 

starob 155 

Stassfurth  deposits 28,29,80.84 

bromium 54 

potassium  salts 28,29,80-32 

steaopeine 122 

steaiioacid 120 

stearine 92,148 

•trontia 108,106 

stropbantine 124 

stropbaatis  hispidns 124 

strycbnlne 100,120,161 

suet,  vegetable 154 

sulpbo^syanide 38 

sulpbol^o  acid 106 

*snlpbur 9, 10, 14, 10, 22, 38, 48, 51, 66, 74, 76. 76, 78, 79;  80, 92, 93, 94, 06, 97,  OS,  146 

obloride 79^88,91,96 

regenerated 38,43,74,80,84,00 

preparations  for  destroying  tbe  pbyllozera 78, 70, 82 

•olpburio  acid 9-26^84,86^48,46,64,68,61,68,78,74,75,76,77,79,80,81,82,86,87,00,92,98.94, 

96, 96, 87, 98, 102, 108, 106, 106^  110, 146, 152 

Aiming  (Nordbaosen) 22,24,78,103 

anhydride 23,24,25.86,89,51 

sumao 182 

•upeipboapbstes 57,74,77,70^80,81,86^92,04,96 

tacbybydrite 81 

tamarinds Ifil 

tan  bark 118,127,144,152,154,155 

extract  of 160 

tannin 86^117,119^128 

tanzyoil 150 

tapioca 132,183 

tar ...  152 

tartar 144 

cream  of 76,76,02,96,07,142,144,158 

emetic 119 

tartaric  acid 64,78,74,76,79,02,144 

tetracodeia 129 

tbalUum 144 

salts 85 

tbao 127,145 

tbapsia  resin 125,126 

silpbiom 125 

tbebaino.. U9 

bydrocblorate 129 

tbenardide 29 

tbeobolactic  acid 129 

*tin 106 

salts  of  74,75,87,06,07.105 

tinctorial  substances 4, 144 

tobacco 161 

toUet  articles 100, 110,  111,  114, 115,  U6, 160 

tonqua  beans 123,127,128,145^146,154 

tricodela 129 

t  rimetbyl-ace  tic  acid 148 

trimetby  lamine  salts 80 

tripbenylmetban 85 

turpentine 168^150 

pitch 110 

turtle,  green,  oil  of 141 

tyrosine 118 
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CHBiaSTBY  Ain>  PHABMACY— Contiiuied. 
producta,  &c.— 

*iiniiiam  salts 75,85 

urea 85 

Tslerian 145 

TElerianio  ftdd 131,143 

Tsnadinm  salts 75 

▼anilla 67,69,138,124,128,127,128,132,141.154,156 

artificial 0&-71 

vanillic  acid 70 

vaDilUne 70,120,141 

▼arccb  (ms,  aho,  soa>weed,  otove) 81,82 

TKmish 160 

Taseline 116,101,162 

Torbena  essoice 133 

oil  ..  131 

▼ennilion 129,330,304 

Tetttver 124 

▼inegar 182 

wood 152 

TltiTert 128,155 

wax,  bees' 72,74,118,131,144,145,149,151,154,155,159 

vegetable 165 

wines 132,183,149,161,152 

woad 113,152 

wonnwood,  oil  of 159 

wonxali  poison 128,181 

ylaag-ylang 132 

*«lno 26,88,68,88,106^107 

bicbloride 425 

blende 10,12 

oUoride 97 

nitrate 74 

snlpbate 10,15,58,74,87 

prices  and  quality  of  prodncts  affected  by  competition 3, 4 

price  of  alisarine  bine 107 

anmionia4oda 46 

snlphnric  acid 22 

snlpbnr,  regenerated 48 

sine,  snlpbate 58 

pdoes  lowered— 

of  borax  and  borio  oomponnds 69 

bromine 54,55 

sodiom 60 

prioes  lowered  and  quality  improved — 

of  drugs  in  "elegant  pbarmaoy" 114,115 

potassinm,  cbloride 29 

snlphnric  acid,  faming  (ITordbansen) 25 

tinctorial  substances 4, 101 

alisarine 104 

anthracene 104 

prices  raised— 

of  potassa,  bichromate 104 

•odium,  nitrate  (from  government  monopoly  of  the  manulbctnre) 28 

axperiments  and  writings  referred  to— 

value  of : 4 

by  American  Pharmaceutical  Association 115,168 

Armsby 57 

BecM 01 

Bentley 134,135 

Bode 17 

Chevrenl 29 

Davis 19 

Defresne 122 

DeHemptinne 17,10 


522  INDEX. 

CHEMISTBir  A^D  PHASHAGY— ContlmMd. 
experiments  and  writings  referred  to — 

by  De  Yong Ii7 

Dieulafait 68^«) 

Erlemueyer W 

Favre 22 

Honninger 122,123 

Hefinann 15,29 

Hurter 17,18,54 

Jolly 12] 

Kolb 57 

' '  London  Phannaoeatlcal  Joamal  and  Tranaaotiona  *' 115 

Lunge 15,17,18 

Pfeiflfer 31 

Sohenrer-E^estner 21 

Tliolozan 151 

Thorn tt 

Yaaqnolin !• 

Yorater 17,18 

faol  uaed  In  manu&ctnre— 

ooal 22, 85, 48^47. 76, 78, 80, 82, 84, 88, 92,  M,  96b  M^W 

coke 88, 46;  47 

expedients  to  economize 19, 20, 28,  ?6, 32, 85, 37, 38;  49, 90 

operatives- 
number  employed 74, 76. 77, 78, 81, 82, 88, 84, 88. 88, 90, 92, 98, 95, 96, 97, 99, 109,  UO,  120,  ISO 

work  performed  by 47 

wages 88 

expedients  to  eoonomiie  labor 23,82,36^39,48,78.88 

womenas 95 

Chesebrougli  Mannfactaring  Company  (New  York  City),  yaaeline  ttaai  petroleum ISl,  182 

Cheasy  (France)— 

cliemical  industry — 

pyrites 81 

Chester  (England) — 

machinery  manufacture— 

hydraulic  madiinery 898 

accumniiiktorB 398 

pumps 898 

riveters 398 

Chevalier,  £.  (Paris,  Franco),  family  railway  oarriage 447 

Chovreul,  Michel  Eugtoe  (Paris,  France),  extraction  of  potassium  salts  from  anint  of  wool 28 

CHILI— 

CUXMISTKY  AND  PHABMACT— 

matorial»— 

boro-natro-calcite W 

saltpeter 22,28;38 

sodium — 

nitrate 29;  87 

Miming  Industkosb— 
coal — 

imi>orts  from  Great  Britain 215^80 

copper — 

exports  to  France IW 

Great  Britain 218, 215, 2B 

silver — 

production 1" 

tin — 

exi>ort8  to  Great  Britain 212,221 

CHINA- 

CHEMISTBY  AMD  PHABMACT— 

exhibit ^ Ill,  Ua;  157 

exhibitors,  number  of ' 

awarda,  number  of ^ 
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CHINA— ContinnecL 

CHXMZBTBT  AMD  PHAltMAOT— 

medloaments  used Ill,  132 

chiefly  vegetable  (900  shown) 111,112 

Qxtnuinlixuiiy  animal  preparatloiis 112 

MlNIHO  IHDUBTEIBS— 

importo— 

lead  from  Great  Britain 205,213,223 

gold  and  silver  from  United  States 848,850 

machinery,  appliances,  etc.— 

t^fam,  boring  apparatas 341 

tin-smelting  furnace 342 

coal,  very  ancient  use  of  (1000  B.G.) 276 

Chinese  miners  employed  in  Malacca 212 

Dntoh  East  Indies 840,342,343,344 

Banca.... 842 

Billiton 343 

Sumatra 344 

United  States 349 

Chiris,  A.  (Oraaae,  France),  perftimes,  pomades 115,116 

Chiistiaaia  (Norway)— 
chemical  industry — 

nitric  acid 95 

sulphuric  acid 95 

codliveroil 146,147 

Chxistiansnnd  (Norway) — 
chemical  industry — 

cod-liver  oil 146 

Chromium  (see  Chemistry ;  aliOt  Mining). 
Church  (England) — 
chemical  industry — 

carbolic  acid 130 

phenol 130 

Cinnabar  (§ee  Mining). 
Cirey  (France) — 

chemical  industry — 

alum 81 

potash 81 

soda 81 

sulphuric  acid 81 

glass  mannfaotore 81 

Civita  Yecchia  (Italy)— 
chemical  industry — 

alum 04 

alumina,  sulphate 04 

Clarke,  Rev.  W.  B.— 

writings  on  gold  deposits  tn  Australia,  cited 229, 230, 237 

"MinesandMineralStatisticsof  New  South  Wales" 280,231,245 

"  Progress  of  €U>ld  Discovery  in  Australasia  fimn  1860  to  1171" 230 

rediscovered  gold  in  Australia  (1841) 231 

predicted  deposits  of  tin  (1863) 237 

estimate  of  coal  deposits,  Australia 242 

on  deposits  of  quicksilver 245, 246 

dasaifioation  of  Exhibits,  Paris  Exposition,  1878— 

Fifth  Oroap  (as  to  Chemistrj'  and  Pharmacy) 2 

(as  to  Mining  and  Metallurgy) 164 

Sixth  Group  (as  to  Steam  and  Gas  Engines  and  Machinery) 364 

(as  to  Bailway  Apparatus) 418 

Claudet,  F.,  investigations  of  irou  on 109 

process  of  gold  and  silver  extraction  ftom  pyrites 14,207  209 

Clans  A  Wallace,  ammonia^oda manufacturing  process 49,50 

process  for  purifying  illamiziating  gas 50 

Clay  («M  Mining). 
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Clermont-Femnd  ( i-  ranoe)— 
oheiuical  indostry— 

by  drofluorio  add 86 

potassa,  cbloTate 86 

sulphuric  acid  condenaing  appantna 86 

auperphospliatea 86 

Clermont  Fils,  Lomaire,  &.  Fiacher  ( Fraooe),  optical  inatnimenta  mounted  In  aluminium 85 

"Cleveland  district"  (Bngland)— 
miniug  industry — 

pig-iron,  prices 196^197,200,201,207,216,217 

iron-stono,  yield  of  iron  ftom 199  noU 

CLOCKS  AND  WATCHES— 

Rbpouton  "Clocks AMD  Watchbb,"  by  SdwjjkdH.  Kkiobt,  LL.D 408-415 

exhibits 406-407 

clocks — 

exhibits 406 

traveling 406 

for  churches,  towers,  etc 406 

to  run  a  month 406 

year 406 

flfbyyears  406 

a  thousand  yean 406 

not  actually  tested 406 

propelled  by  water    406 

eleotridty '. 406 

moving  orreries 406 

pneumatic 406 

decimally  divided 406 

watches— 

collective  exhibit,  by  Franoe 405^406.407 

Switcerland 405,406 

no  exhibit  of  machinery  («0«,  obo.  Machinery  t  watoh-maldiig) 405.406 

no  tests  made  by  International  Jury  411, 412 

having  varioua  functions 407 

telling  daya  of  the  week  and  month 407 

showing  changes  of  the  moon 407 

giving  alarms 407 

showing  difference  of  time  at  varioua  polnti 407 

striking  the  hours 407 

small 407 

conatruoted  of  rook-cry staL 407 

machine  system  of  manufacture— 

origbi  and  growth  of,  in  United  States 409-411 

imitated,  feebly,  in  Franoe 408.409,412 

Switoerland 408.400^418 

notusedinSnghmd 408 

advantages  of— 

interchangeable  parts v 408.400 

sui>erior  workmanship 408^  400, 411 

cheapness 408,411 

increased  production 411 

recent  improvements— 

Woerd's  compensating  balanoe 412-414 

micrometers 414 

Cioez,  eucalyptol,  antiseptic  preparation 1S4 

Clwydd  («M  Vale  of  Clwydd,  New  South  Wales). 

Coal  (<e«  Chemistry:  materials ;  alto,  Fuel ;  oZto,  Mining). 

Ooal-tar,  production  of  anthracene  and  aliaarine  from lOQ 

Cobalt  {see  Mining). 

Cochin-China  («ee  France :  colonies). 

Cockerill  (John)  Society  (Seraing,  Belgium),  iron  and  steel  prodnota 283, 4dl 

built  first  heavy  rotary  pumping  engine  (1867) 285 

manu£ictures  in  steel 420 

Coffee,  the  Cas9ia  oeddenUUit  ot  Martinique  a  stibstituto  for 133 

Coke  («ee  Chemistry:  materials;  olfo.  Fuel). 


INDEX.  525 

Pago. 

Collet.  A.  (France),  chemical  balances  made  of  alunininm 85 

CoTlmanii,  A.  (Vienna,  Anatzia),  variable  exhaust  ateam-eogine 872-375 

I»ervpeotive  Tiew 373* 

transverse  section 874* 

CoUodicn  {MS  Mining). 

Colorado  (gee  United  States). 

Columbia.  District  of  (tee  United  States). 

CommtiMeion  du  Mitre  (France),  preparation  of  standard  measures  of  platinum  and  iridinm  ...  68 

Como  (Italy)— 

mining  industry-^ 

iron  808 

Compagnie  Continentale  d'Ezploitatioo  des  Locomotives  sans  Foyers  (Paris,  France),  flreleas 

engines  and  cars  for  street-railways 462-406 

illustration  of  465* 

Compagnie  de  la  Fabrique  de  Tentelevo  (Saint  Petersbni^,  llussia),  aoids,  salts,  sulphates 05 

Compagnie  des  Fonderies  et  Forges  de  Terre  Noire,  Lavonelte,  et  Bess6ges  (France),  models  of 

tlMlr  mines  and  works 187,188 

Compagnie  des  Mines  d' Anzin  (France),  works  of 177, 182, 183 

exhibit 182,183 

model  of  the  works 182,183 

provision  for  the  welfSue  of  operatives 183 

Compagnie  des  Salines  du  Midi  (Montpellier,  France),  magnesia,  salts 70 

0>mpagnie  G^n^rale  des  Cmnibns  de  Paris  (France),  style  of  street-railway  cars  used  by 450-461 

Compagnie  G^n^ralo  des  Prodnits  Chlmiqnes  du  Midi  (Marseilles,  France),  soda,  manganese . .  70 
Compagnie  Parisienne  de  Chaufhge  et  d'^dairagepar  le  Gas  (Paris,  France),  Otto's  silent  gas- 
engine  384,885 

Competition  («m  Protective  legislation). 
Comstock  Lode,  Nevada- 
mining  industry- 
gold  352,855,360 

eflver 357,368,360 

Congress  of  United  States  {tee  United  States). 

Ooniferin(«se,ffbo, Chemistry:  manufiMstnres:  flavoring eztraots;  obo.  Forestry)— 

definition  of CO 

Connecticut  (tee  United  States). 

Consorzio  delle  Saline  di  Pirano  (Istria,  Austria),  chemical  products,  salts,  bromine,  soda,  etc. .  75 

Constantia  (Cape  of  Good  Hope) — 

marshes  dried  up  and  miasma  and  fevers  dispelled  by  planting;  Eucdluptue  glotndut 134 

Constantino,  a  department  of  Algeria  (tee  France:  colonies:  Algeria). 
Constantinople  (Turkey) — 
chemical  industry — 

borax 50 

Conti,  A.  (Caatrocaro,  Florence,  Italy),  iodidea,  bronddes   04 

Coorg  (British  India)— 
forestry — 

cinchona  cultivation 138 

Conquet  (Finistdre,  France) — 
chemical  industry- 
bromine 81 

iodine 81 

potassium,  bromide 81 

chloride 82 

iodide 81 

nitrate 82 

sulphate 82 

Copenhagen  (Denmark) — 
chemical  indnatry— 

soda  from  cryolite 77 

Copper  (tee  Metal-working;  olfo,  Mining). 
Corbehem  (France) — 
ehwnical  industry- 

potaah  from  beet-ioot  sugar  residues 83 

rubidium  from  the  sama 88 


526  INDEX. 

Pige. 

Cordelia,  A.,  his  ''La  Griee  txtr  U  BappoH  GMoffique et Minertaojytqus,"  ci^ 332 

''LeiMurium,"  cited 332,334,33^336 

archaeological  mining  models,  exhibited 339 

Cordelia,  A.  (Z^pfayrla,  Greece),  alum 91 

Cordova,  province  of  (Spain) — 
mining  indnstry — 

cool 314 

Corfa  (Greece) — 

chemical  indnutry — 

salt 91 

Cork  (Ireland) — 

chemical  indnstry — 

magnesia,  calcined 91 

carbonate 91 

Corliss,  Goocgo  H.  (Providence,  B.  I.),  steam-engine  Inventor  and  builder— 

his  patterns  adopted  by  other  builders 865,866,367,377,380 

in  France 367,389 

S  wit  zerland ; 377 

his  valves  adopted 387,368,372 

Cornells,  A.  (Diest,  Belgium),  desiccating  bottles,  pharmaceutical  preparations Ill 

Comet,  writingson  the  mineral  indualTy  of  Belgium,  cited 272 

Cornwall,  England- 
mining  industry — 

copper 203 

tin 236,237.340 

Correy,  variable  cut-off 371 

Conlllet  (Belgium)— 
chemical  industry — 

soda 48,76 

hydrochloric  add 78 

Court,  J.  (Grasse,  France),  perflxmes,  pomades 112,116 

Cousin  (France),  safety  hoisting  apparatus  for  mines 183,185,198 

Crafts,  J.  }1.  (Cambridge,  Mass.)  Sb  Friedel,  C.  (Paris,  France),  method  of  preparing  trlphenyl- 

methon  and  bcnzophenon S5 

Creuzot  (SaCneet-Loire,  France) — 
manufactures — 

iron  and  steel 420, 434 

steel  rails y ^ 

railway  apparatus — 

locomotives 434,435 

Creuzot  (France)  Steel  Works  («es  Schneider  &.Co.). 

Cros,  B.  (Narl)onne,  France),  sulphur 76 

CroM,  Robert,  assisted  in  introducing  cinchona  onltivatioii  in  IndiA 137, 118 

Cuba  (*€€  Spain:  colonies). 

Cudgegong  River  (Now  South  Wales,  Australia)— 
mining  industry — 

cinnabar 245^346 

Daguestan  (Caucasus,  Russia) — 
mining  industry — 

sulphur 290 

Dakota  (see  United  States). 

Darasse  &  Co.  (Paris,  France),  vegetable  extracts 11*^ 

Daubin  (Paris,  France),  method  of  producing  benzoic  acid 84 

exhibit  of  the  same ^ 

David  &.Co.  (Moustier,  Belgium),  soda,  salts,  etc ^ 

Davids,  J.  (Toronto,  Cwaada),  chemical  products 77, 112 

Davis,  experiments  in  sulphuric  acid  manufacture 1* 

Davis,E.,  process  of  manufacturing  soda  and  superphosphates ^ 

Day,  Dr.  (Geelong,  Victoria,  Australia),  disinfectant  preparation  of  turpentine,  benslne,  and  oil 

of  verbena 13^ 

Day,  Austin  G.  (New  York  City),  kerite  insulated  telegraph  wire  and  cables 1^ 

Deacon,  Ilenry  ( Wiilnes,  England) ,  ammonia-soda  man  ufacturing  process ^4 

Deacon  &.  Ilurter,  chlorine  manufacturing  proeess 52; 53.54 

Debray  (France),  investigation  of  the  properties  of  platinum ^ 
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Decanyille  alii6  (Petit-Bonrg,  Seine*et-0i8c,  France),  iron  portable  tramTvay,  for  mineit,  faring, 

fkotories,  etc i57-460 

Ulustrations  of 457»-4C0* 

raU 457* 

joint 457* 

roil  with  oarB,  for  mines  and  quarries 458* 

car,  for  mines 45S^ 

tramway  in  oi>eration  on  sngar  plantation 460* 

Decize  (France) — 

early  coal-mining 170 

D6clat  &,  Co.  (Paris,  France),  phenol  for  hypodermic  use 117 

Decle  &  Co.  (Rocourt,  France),  alcohol,  salts,  potash,  soda 83 

De  Dienheim-Brochocki  (Boulogne,  Franco),  sulphite  of  alumina,  disinfectants,  chlorozono 80 

Defresne  (Paris,  France),  theories  of  digestive  principles 122 

De  Gonsillier,  process  of  mnnnfacturiug  potassium  carbonate 31 

De  Groat  Sc  Co.  f  Amatenlam,  Netherlands),  vanilla,  vanillin,  cinchona 141 

De  Oroot,  Cornelius,  chief  of  Department  of  Mines,  Dutch  East  Indies— 

account  of  mining  industries  in  Banca,  BiUiton,  etc.,  cited 340-343 

discovered  tin  deposits  in  Billiton  (1851) 343 

De  Orousilliers  (Germany),  ammonia-soda  manufacturing  process  48 

De  Heroptinne,  annular  fdmace  for  burning  pyrites  10 

vitriol  chamber 10, 17 

method  of  concentrating  sulphuric  acid 19 

Deiss  &  Flls  (Paris,  France) — 

apparatus  for  extracting  oil  from  residues  of  olive  pressea,  candle  factories,  etc 78, 79 

sulphur,  bisulphide  of  carbon,  etc  79 

Deiss,  £.  (Paris,  France),  method  of  manufacturing  bisulphide  of  carbon  for  destruction  of 

the  phylloxera 70 

De  Lagarde,  Denis,  statistics  of  Spanish  mining  industries 313 

DeLaire  d&Co.  (France),  vanillin   120 

Delaistre,  director  of  Western  Railway  Company  of  France 431 

DeLardorol,  Francis  (Leghorn,  Italy),  boracic  acid 94 

Delaware  {tee  United  States). 

Delcambre,  Isidore  (Paris,  France),  type-composing  machine 393 

De  r]$clii8e-Tr6vo6dal  Frdres  (Andidme,  Finistdre,  Fnmce),  iodine  from  sea-weed,  pota.sh, 

bromine,  etc 82 

Delgardo,  Nery  (Portugal),  geologicid  investigations 322, 323 

Dellamore  (N.)  &  Co.  (Cesena,  Italy),  sulphur 93 

Del  Mar,  A.,  his  "  Report  on  Silver  Production  in  the  United  States  "  cited 345, 358, 359, 360 

Delpech  (Paris,  France),  preparations  of  cubebs  and  eucalyptus 117 

De  Lnca,  Prof.  S.  (Royal  University,  Naples,  Italy),  mannite  from  the  olive,  cream  of  tartar  from 

themyrtle   142 

Demartini,  J.  (Prague,  Bohemia,  Austria),  wax,  fata,  rose-water 110 

De  Milly,  A.  (Vienna,  Austria),  manufihoture  of  glycerine Ill 

Dcmontis,  Qnencssen,  &  LeBrun  (Paris,  France),  platinum  sti^  and  technical  objects,  osmium, 

palladium,  ruthenium,  osmium-iridinm   87 

DeMortie  (M.)  &Co.  (Burkeville,  Va.),  oil  of  sassafras 150 

DENMARK  (tee,  alio,  Amak,  Copenhagen) — 
Chemistrt  akd  Phabmact— 

exhibit 77,112 

exhlbi  tors,  number  of 7 

awards,  number  of 7 

manufactures — 

"*             alumina,  hydrate 77 

sulphate 77 

calcium,  fluoride 77 

potash  from  kelp 48 

saltpeter 28 

soda  from  Greenland  cryolite 33, 77 

by  ammonia  process 46, 48 

snlphurio  acid 77 

superphosphates 77 

operatives,  number  employed 77 

imports,  cryolite  from  Groenland 33,77 
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DENMARK— Continaed. 
Clocks  and  'Watches— 

exhibit 405 

Machixkry  (including  toob,  implements,  appUancea,  proooweo) 
chemicals — 

Boda  manufacture — 

ammonia  proceaa  (Solvay's) :.     4A,4S 

MlKIKO  INDUHTRIEB— 

coal  imported  ftt>m  Great  Britain 235 

COLONIES- 
GREENLAND— 

Chemical  Matbbials— 

cryolite 88^77,08 

deposits  of 77 

chomical  composition 77 

soda  manufactured  ftom — 

in  Denmark  33,77 

United  States 33,98 

Pennsylvania 88 

displaced  by  bauxite  in  Germany 77 

De  Planzenut,  X  A.  (Paris,  France),  pure  chemicals  used  in  laboratory  and  eleotro-metallurgy . .         87 

Derriey-Dalloz  (Paris,  France),  continuous  rotary  Job-printing  press 383 

D6sandroins,  Yicomto,  discovered  coal  at  Fresnes  (in  17-20)  and  at  Anzin,  France  (in  1734)    .  176 

Desmaeures,  C.  (Maisons-Lafltte,  France),  borax 83 

developed  borate  deposits  in  Asia  Minor 58 

imports  Turkish  borate 8S 

Desmontis,  Quenssen,  A,  Lebmnnc  (Paris,  France),  apparatus  for  distilling  sulphurio  acid 28 

Desnolx  &,  Co.  (Paris,  France),  hematosine.  iron  extracted  ftt>m  blood 117, 118 

De  Soto  Alkali  Company  ( Widnes,  England),  soda 88 

Derille,  Sainte-Claire  (France),  investigation  of  the  properties  of  platinum 65 

Devonshire  (Eugland) — 
mining  industry — 

tin 8« 

De  Yr^,  Dr.  J.  £.  (The  Hague,  Netherlands),  method  of  manufacturing  qninetnm 138 

exhibit  of  quinetum M8 

Dc  Yong,  Dr.  (Norway),  introduced  medicinal  use  of  cod-liver  oil,  1846 147, 148 

DiamondH  {see  Chciuiatry ;  (Utto,  Mining). 

Dietrich,  method  of  producing  tartaric  acid 84 

Diest  (Belgium) — 

chemical  industry — 

desiccated  drugs  and  plants HI 

bottles  for  preset  ving HI 

Dieulafait,  theory  of  the  formation  of  boric  aoid  in  fumaroles  of  Tuscany ^ 

Di  Marzo,  D.  (Tufo,  Italy),  sulphur 88 

Di  Marzo,  G.  (Tufo,  Italy),  sulphur 83 

Dinros  (Wales) — 

slate  quarries *. ^ 

narrow-gago  railway  to 44WS7 

District  of  Columbia  (ms  United  States). 

Dixon,  W.  A.  ( New  South  Wales),  writings  on  the  treatment  of  pyrites,  referred  to 2tt 

DJebel  Haronaria  (Gran,  Algeria)— 

ironmines 188 

Dodabetta  Peak  (British  India)— 
forestry — 

cinchona  cultivation 1^ 

Dollar,  derivation  of  the  name t ** 

Dollf us,  A.  ( Mulhouso,  Germany),  theory  of  properties  of  alizarine  in  dyeing ^^ 

Dominion  of  Camida  («m  Great  Britain :  colonies). 
Domtr^ne  (Greece) — 
chemical  industry — 

salt ". » 

Don,  government  of  the  (European  Rossia)— 
mining  industry — 

coal ** 
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Donadeo,  Prof.  M.  (Carpanzano,  Italy),  bomto  of  caffeine  142 

Dony,  Abl>6,  constructed  first  fuiiiaco  for  the  reduction  of  zinc  (180G) 200 

Dorvault,  F.  L.  M.,  director  of  the  Pharmacie  Centrale  do  France  (Paris  and  Saint-Denis) 118 

manufacture  of  general  chemicals,  phannacentical  confectionery,  proprietary  articles 110, 120 

Donbrovka  (Russia) — 
chemical  industry — 
etherial  oiI»~ 

mustard 160 

pcppcrralnt 160 

Donba,  department  of  (France)— 
maaulhctnres— 

watches 406^407 

coliectivo  exhibit 407 

Douglas,  method  of  obtnining  ferro-cyanide  from  gas-limo 00 

Douglas,  process  of  boring  for  Stassftirth  minerals ao 

Dxesdon  (Saxony,  Germany) — 
chemical  industry — 

aluminium 58 

Droydopple,  William  (Philadelphia,  Pa.),  borax  soap 160 

Driscoll,  F.  D.  (Well  Water,  Va.),  oil  of  sassafras IGO 

Droittecourt  (Oise.  France)— 
mining  industry — 

rolling  mills 287 

Drosdov  (Lower  Austria) — 
chemical  industrj' — 

potisb ,  prussinte 73 

Dublin  (IrcLnnd)— 
chemical  industry- 
chlorine 80 

lime,  chloride 80 

soda,  sulphate  80 

Dnbois-Caploin,  n.  (Paris,  France),  nitrate  of  silver,  chlorides  of  gold,  platinum,  palladium,  otc .  86 

Duboso  &  Co.  (Paris,  France),  quinine 117 

general  chemicals  118 

Dnchemin  (ttm.)  Sc  Clionlllon,  t^.  (Rouen,  Franco),  soda  products,  superphosphates 80 

Ducla,  method  of  preparing  salts  of  aluminium 68 

Dnfour  Bros.  (Genoa,  Italy),  mannite,  quinine    143 

Dumont,  And r6,  estimate  of  coal  deposits  in  Belgium    274 

Dnnlop  (Scotland),  method  of  regenerating  oxide  of  manganese 83, 00 

Dnpasquier,  method  of  purifying  sulphuric  acid    23 

Dupuy,  preparation  of  allsarine  for  dyeing 107 

Durand  (L.)  &  Iluguunln  (La  Plaine,  Switzerland),  chemical  coloring  materials 156 

Durham  county  (England)— 
minlug  industry — 

iron  pnMluction 100 

Dosaolx,  C.  J.  (Paris,  France),  apparatus  for  instantaneous  generation  of  steam  (by  petroleum, 

naphtha,  etc) 886-887 

illustiation 886* 

Duteme  (lYance),  stuillng«boxes  for  locomotives 482-436 

Ifyax  (England),  ammonia-soda  mtinnfactnring  process 44 

Dyeing  {wee  Chemistry:  products;  oIm,  Textile  Fabrics). 
Dynamite,  dynamite-gnm  (fes  Mining:  explosives). 
Dzwiniacz  (Galicia,  Austria) — 

ozokerit  deposits 72 

Earthenware  («•  Ceramics). 

"Economist**  (periodical,  London,  Enghmd),  cited 106^107,213 

Boreuses-Locle  (Switzerland)— 
chemical  industry- 
artificial  black  diamonds ISG 

diamontino,  for  polishing  Jewelry 150 

powder  of  rubies,  for  drilling  rook l&C 

34  P  E— VOL  4 
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Bdlnbnrgh  (Sooilniid)— 
ohemioal  indostry— 

opium • U9 

proparations  of— 

olkxiloid,  Fowne'8 128 

apomorphine 129 

caffeine 129 

oodeino 129 

oryptopine 129 

furfurine,  nitrate. 129 

gDoscopine 129 

meoonine 129 

meconolalne 129 

morphine 129 

naroeine 129 

thobaine  129 

tiieobolactio  acid 129 

di,  tii,  tt  tRModeia 129 

bydroootamine 129 

r         narcotine,  nor-narcotine 130 

opianicaold 120 

oxynarootine 129 

ohloroform 130 

EGYPT— 

MiNIXO  IlfDUSTRIKS— 

coal  imported  from  Great  Britain 235 

Eiobom  (Sw^cdvn),  peat-working  machine    .  284 

Ekaterinoaiav,  government  of  (Soropean  Boasia)— 
-   mining  industry — 

coal 258 

copper 253 

iron  256 

Blcegr6n,  H.  R.  (Greneva,  Switzerland),  watches • 40? 

Elcersnnd  (Korway) — 
miniug — 

titanic  iron  <Hre 268 

Elba  (#00  Franco :  proTinces). 
Elbogen  (Bohemia,  Austria) — 

vitriol-alute  deposits 23 

"Elegant  pharmacy"  (tee  Chemistvy :  manufbbotttieB,  eta). 
Slizabetbpol,  government  of  (Caucasus,  Ilnasla) — 
mining  industry- 
cobalt  254 

copper 253 

SUiott  &  Kusscll,  revolving  furnace,  for  crude  soda  manufacture  37 

Employers  (im  Operatives). 

"  EnginetTing*'  (periodical,  London,  England),  iUustraUons  and  descriptions  of  locomotiTes, 

quoted  from 43^  438*.  448, 444- 

Engines  (tee  Machinery)- 

.    Krk>kt on  "Steam  axd  Gab  Enodtbb,"  by  Audbew  J.  Sweeney  {indexedunder  Machinery) .  8<&-SS7 
England,  English  (see  Great  Britain). 
Erivane,  government  of  (Caucasus,  Russia) — 
.  mining  industry- 
copper 258 

Erlenmeyer,  Dr.  E.  (Munich,  Bavaria),  theory  of  the  reaction  in  the  mannfikcture  <xf  superphos- 
phates   ST 

process  for  producing  cyanides.    - 60 

Eragebirge  (Bohomia,  Austria) — 
mining  industry- 
early,  iu  the  sixteenth  century 300 

bismuth 300^901 

cobalt 800,901 

Ugnite   294 

nickel 300.301 

silver 300,301 

uranium 300^301 
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Sskbank  (Kew  South  Wales,  AnBtralia)— 
minlni;  industry— 

ooal 243 

Ssthonie,  government  of  (BnTopoan  Raesia) — 
mining  Industry — 

oool 258 


ancient  iron  mines  ot  in  Elba 308 

Eureka,  Nevada- 
mining  indubtry — 

process  of  concontrating  silver 187 

Evans  (J.  P.)  &  Co.  (Indianopolia,  Ind.),  flaxseed  and  linncod  oil 182 

Bvoia  ( Portugal)- 
mining  industry — 

copper  319 

Sxeli  (Idria,  Austria),  inventor  of  iroU'Clad  ftimaoes  for  quicksilver  extraction 803 

Exhibition  (Me  Xntemational  Exhibitions). 

Explosives  used  in  mining— 

dynamite,  giant-powder 184,  J85 

dynamite-gum 185 

nltro-giycerine 184,185 

saltpeter  powder 184 

Fabbiica  Lombaida  di  Prodotti  Chimid  (Milan,  Italy),  quinine,  derivatives  of  cinchona  alka- 
loids  ,...  ...  142,148 

Eabilque  des  Prodults  Chimiques  d'Auvolais  (Auvelais,  Belgium),  chemical  products,  acids, 

sulphur,  phosphates 76 

Fshlon  (Sweden)— 
mlalBg  industry — 

ooppor 204 

ore-dressing  works 284 

gold  extracted  from  copper  pyrites 266 

primitive  applinnoes 286 

Fairlie  Engine  and  fiolling-Stock  Company  (London  and  Bristol,  England),  locomotives — 445, 451-454 

of  standard  gago 461 

narrow  gage 462 

with  double  boOer,  double  bogie 452-484,466 

illustration 452* 

adopted  in  Australia 452 

Ireland     462 

Mexico 462 

Norway 452 

Peru 453 

Russia.  453 

YeneEuela 452*.  458 

Wales 452,456 

Fkftirlie,  Robert  F.  (Bristol,  England),  engineer,  inventor,  manuftcturer  445, 451-454 

Fnller,  Okorge  J.  (Philadelpliia,  Pa.),  sewing-machine  oU 169 

Fattening  swine  on  oarraway  oU-cake,  in  Austria 110 

Fathom,  Portuguese  measure  (=  88.50  inches),  definition 810  noU 

Faure  St  Kessier  (Clermont-Ferrand,  France)— 

apparatus  for  concentrating  sulphuric  acid 19,20,21,8^87 

exported  to  United  States    20 

pruductiouof .^ 86,87 

superphosphates,  acids  for  etching  on  glass,  etc 86 

Favre,  A.,  report  on  manufiicture  of  sulphuric  aoid  in  France 22 

Favre-Perret,  Edward  (Switzerland),  Judge  at  tho  Centennial  Exhibition,  1876,  report  on  ma- 
chine-watch making  in  the  United  States,  referred  to 411 

Felanix  (Spain)- 

chemical  industry — 

ether so 

Ferdinand  II,  King  of  Sicily,  imposed  duty  on  exported  sulphur,  which  caused  extraction  of 

sulphuric  acid  from  pyrites  in  Oreat  Britain 207 

Fertilizers  (ms  Agriculture). 
Festiniog  (Wales)— 

nafTow-gage  railway  to  Port  Madoc 465-4OT 
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Finland  {tee  Ilnssia:  provinoes). 
Flnmark,  province  (Norway)— 
mining- 
graphite  

Finmarken  (Norway  )>— 
fishery — 

ood 148,147,148,149 

Fire-clAy  («m  Ceramioa). 
Fish— 

cod-flaher lea  of  Norway I4ft-149 

at  Bergen 146^  117 

Finmarken 14r^  147. 148, 149 

Sondmore  and  BomedAlen 146»  147, 148 

YeatQord  and  Lofoden 146»147 

fishermen  employed 147 

Newfoundland 148 

sponges 118 

manulhctnros— 

albam<m,  from  fish-eggs  VH 

cod-liver  olL^ 

for  medicinal  nse  {tee  Chemistry). 

technical  ase 147,148 

tanning 148 

refhae,  for  manure 147, 148 

process  of  manufacture 147, 148 

glue 181,144 

ichthynoolla,  from  flsh-entinils,  for  fining  wine 188 

Fish  Glue  and  Gelatine  Manufactory  (Lyaekil,  Sweden),  ichthyocoUa 153 

Fiume  (Italy)— 

chemical  indnstary 144 

Flamm,  Lip6t  (Worsetz,  Hungary),  fish-glue 144 

Fland  (G.)  A  Cohendet  (A.)  (Paris,  Franco),  vertical  compound  "brotherhood'*  steam-engine..  380,381 

teitical  longitudinal  section 881* 

transverse  section  881* 

Fleurier  (Switzerland)— 
chemical  industry — 

pharmaceutical  preparations  186 

extracts  of  Alpine  plants 158 

Fltae  (Belgium)— 
mining  industry — 

lead  288 

zinc 281 

furnaces 288 

zinc-blende  roasting  ftnnaoes 281 

Florence  (Italy)— 

chemical  industry — 

potash,  bicarbonate >8 

soda,  bicarbonate 88 

Boyal  Technical  Institute- 
analyses  of  mineral  ftiel  at 88r 

Florida  {tee  United  States). 

Florin,  Austrian  money  (paper  florin  «  $0.4435 ;  silver  florin  =  $0.4S78),  definition  of 291 

Fontaine  I'EvAqne  (Belgium)— 
mining  industry — 

coal • 2W 

FORKSTEY— 

woods  produced— 

acacia  decurrens  (jrields  taimin) 12B 

py  cnantha  (yields  perfume) !■ 

beech 425 

bully-tree 181 

Campeachy  dye-wood 13< 

cinchona 198-14^  141 

medicinal  properties  and  preparations  {tee  Chemistry). 

indigenous  to  Bast  Indies J* 
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VOBESTRY—^^ontinued. 

woods  protluced — 

eincliono— 

indi^teoonB  to  Sonth  America 123, 186-138 

ftcdimated  In  Ceylon 187 

India 180-140 

Jara 141 

Mhrtinique 123 

eaoolyptos 126,133-136 

modicinal  properties  and  preparations  (iee,  Cbemistiy). 

proof  Against  the  teredo 120 

OB  a  timber  tree 183 

anti-malnriol  power : 184,136 

dra  ins  by  absorption .  184, 136 

iniligenous  to  Anstralia 12B,  134 

acclimated  in  Algeria 126,134 

Argentine  Bepublio 164 

Cape  of  Good  Hope 134 

Cuba 134 

Italy 134 

Portngal 331 

Spain 134 

fir 425 

oak 426 

pine 426 

products— 

ebarooal 152,168 

oonlferin 60,70 

cork    .  113,126 

creosote  oil 162 

dyeing  materials 124, 136 

eucalyptus  (see,  obo, Chemistry:  products) 126 

gums 127,133,162,164 

ocariodes 188 

balata 128,131 

banya-bunya 138 

gutta 161 

Senegal , 124 

gntta-peroha 182,165 

resins 113,127,156 

benzoin 161 

bounnfiv  or  thapsla 125, 126 

liqnldambar 154,156 

quobraoha 154 

scammony    116,120 

sassy  bark  (poison) 126 

tanning  bark  and  extracts 118,128,133,135,144,152,166,160 

tar 152 

turpentine 152,150 

pitch  (for  brewers)  110 

wood-vinegar 152 

msnofiictures — 

dncbona  preparations,  quinine,  etc  (see  Chemistry). 

cork 118 

cross-tics  for  railways 424, 425, 427 

mugho  pine  essence  (antiseptic,  disinfectant,  perfume,  etc. ) 110 

oxalic  acid,  from  pine  sawdust C3, 146 

potash 96 

telegraph  poles 426 

Tanillin,  fh>m  benzoin  resin 71 

coniforln  of  red  and  white  fir  trees 60. 70 

machinery— 

cork-working 118 

peat-working 263,264 

portable  tramways  for  use  In  forests,  etc 457, 450 

illastrations 457*.  458*,  450*,  460* 
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FORES  LKY-43oiitinaed. 
machlBory — 

tree-foiling  engine  (saw) 883;  384 

UlustTAtioD 38r 

proceaaes — 

treatment  of  wood  to  resist  decay 434, 425^  436 

by  creosote,  pneumatic  process 424,425 

solpbateof  copper,  paeumatic  process. 424,425 

bichloride  of  zinc,  pressure 425 

timber  work  in  ancient  Soman  mines,  In  Portugal,  (accidentally)  preserred  by  pres- 
ence of  cupric  sulphate 824  and  not$ 

Forst,I>r.G.  (Milan,  Italy),  chemical  director  of  the  FabbricaLombazdadiProdottiChimici.  .        142 

^orstall  &  La  Bose  (If ew  Orleans,  La,),  turpentine 159 

Forster  Si,  Gregory  (Streatham,  London,  England)— 

chemicals  for  general  use,  for  mann£acture  of  India-rubber 89 

acids,  salta,  hypophosphites,  benzine 131 

Foumouxe  Frdres  (Paris,  France),  cantharidine 118 

Fourdrinier  paper-working  machine 382 

Fowler  (John)  ie,  Co.  (London,  England),  traction  engines 384 

^ox,  Walker,  ScCo.  (Bristol,  Enghuid),  locomotive 445 

Franc  (=20  cents),  definition  of 18D 


FRANCE  (iM,  also,  Abervrach, 

Alais, 


Anizy-le-ChAteao, 

Anzin, 

Argenteuil, 

Asnidres, 

Audidme, 

Besanoon, 

Boulogne, 

Brassao, 

Bray. 

Channy, 

Cheasy, 

Cirey, 

Clermont-Ferrand, 

Conquet, 

Corbehem, 

Crenzot, 

Breize, 

Doubs, 

Droittecourt, 


Fresnes, 

Flroidvent, 

OenneviUiers, 

Giraud, 

Graud-Combe, 

Grasse, 

Hautmont, 

Kerhuon, 

LaneuveTille, 

LiUe, 

Lyons, 

Maisons  Laffltte, 

Marspilles, 

Monlpollior, 

Nancy, 

Narbonne, 

Nesle, 

Nogent-snr-  Mame, 

Ifoyon, 

Panchot, 


Petit-Bonrg, 

Pierre- Benite, 

Pontl*Abb6, 

Pont-sor-Sambre, 

Puteanx. 

Reims, 

Roche-la-Molidre, 

Rocourt, 

Roubaix, 

Rouen, 

Saint-Bel. 

Saint-Denis, 

Saint^^baina, 

Sainto-Marie. 

Saint-SaulT^-les-ValendciuiM, 

Salindrea, 

Sedan, 

Yerangeville-Dombasle, 

Vienne, 

Viviea, 

Wordrecqnes)— 


Paria, 
Aqbicultubb— 
fertilizers — 

kelp  preparations  (potash) 28;  8S 

destruction  of  noxious  insects— 
phy  Box  era- 
sulphur  preparations 78,79 

carbon,  bisulphide 78 

potash,  sulpho-carbonate 88 

products'^ 

aveneine  and  vanillin  obtainedftom  theperioarpof  oats 71 

beet-root  sugar^ 

chemical  products  tram  the  residues  of  the  manufhctnTO— 

potash 80^83 

salts 83 

flowers  and  herbs  used  In  chemical  indns^ 115^  118 

hops U2 

madder lOfl^lM 

colorin  g  properties 88 

superseded  by  alizarine 114 

cultivaticfn  abandoned U8 

olive  oil 11* 

aaAron,  grown  aa  a  dye-stuff 113 

woad,  grown  as  a  dye-stuff 113 
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FRANCE— Continued. 

Cbramic»— 

diemical  appanitns— 

Btone-ware  recipients  for  sulphoxic  add  in  vitriol  chamben 18 

CaBMIffrBY  AXU  PllABUACY— 

exhibit,  cl>emical 77-87,167 

pharmaceutical 112-128 

ezhihitoni,  number  of 7 

awanls,  number  of 7, 8 

condition  of  the  industry 8, 73, 77, 113, 114 

noglt^pt  of  improvements  and  labor-saving  machinery  and  processes 78 

mannfaetures— 

alizarine - 100-105,118 

blue 1O0-1O8 

alum 79,86 

aluminium  («M, ofao, Metal- working, beZoio) 84,85 

sulphate,  from  iron-furnace  slag 58 

artificial  ice,  by  hy drosulphurons  anhydride  25 

baryta 80 

benzoic  acid 64 

borax 69,78 

bromine 1 55,81,82,88 

carbon,  bisulphide,  for  destroying  the  pbylloxeni 79 

chlorine  and  bleaching  powder 52 

cinchona  preparations,  quinine 117 

cyanid(« 60-62 

"elegant  pharmacy"  .114,115,119,120,158 

iodine  from  sea-weed 29,55,56,78,81,82,83,84 

competition  firom  American  supply 55, 56^  78 

iron,  sulphate - . . .  86 

nitricacid 27,79 

oxalic  acid 63 

parafflne  from  ozokerit 72 

perfumery 114, 115, 116 

pill  IiolHc  anhydride 119 

potash,  from  beet-root  sugar  residues 80 

prussiate 87 

Bill  pho-carbonate,  for  destroying  the  phylloxera 83 

potassinm,  bromide 82 

chloride,  from  salt  gardens ^. 29, 80, 78 

salts,  fh>m  Buint  of  wool 29 

soda 8»-61,77,78»80,81 

sodium,  chloride 82 

hydrosulphite,  for  dyeing  woolens 26 

sulphate,  anhydrous,  from  mother  waters 29, 30, 31, 88, 79 

sulphur 78 

preparatioiis  for  destroying  the  phylloxera 78, 79 

sulphuric  acid 1«6, 79, 80, 81 

fuming  (Nordhausen) 24 

superphosphates 67,79,80 

tannin 119 

tartarioacid 79 

vanilla^  artificial 69^120 

production  and  oonsumption— 

alum 79^86 

alumina,  sulphate 86 

aluminiom - 84 

baryta,  chhnnte 119 

bauxite ., 84 

beeswax 118 

benzoic  acid 6i,87 

borax 83 

bromine 81,88 

ealcium,  phosphide 119 

camphor 83 
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FRAKGK— Continued . 

CmunsTnT  ai^d  Pharmacv— 
prodaction  and  oonsomptioD— 

carbon,  bisnlpliide    • 79 

copper,  sulphate 4M,^2S 

crooeote  421,425 

golUcocid 119 

honey 113 

hops 112 

hydrochloric  acid 80i  82 

hydrocyanic  add 87 

iodine 55^81,82,83 

iron,  sulphate 86 

kelp 82,68 

lime,  chloride 80,84 

madder 113 

magnesia,  sulphate 84 

nitric  acid 82.87 

olive  oil - lis 

perfumer's  articles .' 116 

potash,  from  beet-root  sugar  residaes 30 

sea-\reed 81,82 

potassium,  chloride 8i 

cyanide 87 

pyrites  9,80,84 

quinine,  cinchona 117 

resin 113 

salt 78,80,84 

soda 32,60,77,80,81,82,83,84,87 

sodium,  chloride 82 

sulphur 78. 80, 84 

sulphuric  acid fi,  77, 80, 81, 82 

superphosphates 80 

tan-bark 113 

tannin  110 

tartar  emetic 110 

tariaric  acid 79 

vanilla. 09 

zinc,  Mchluride 425 

sulphate  87 

manufactaring  processes,  apparatus,  machinery — 

alumina,  sulphate,  from  bauxite,  Huttor's  process 86 

carbon,  bisulpbidc,  Deiss's  method 79 

cyanides 6IMI2 

Tchemiac's  process  61,82 

flower  essences,  perfumes 116;  117 

hydrochloric  acid,  Woulff's  bottles 37 

Merle's  coke  towers 84 

nitric  acid,  Julian's  electrical  procesH 27 

oxalic  acid,  from  waste  of  brass  and  copper  works,  Asselin's  process 63 

potash  salts  firom  sea^ water,  Merle's  improvement  of  Balard's  process 81 

soda,  Loblano's process 38^44,45 

ammonia  process  (Solvay) 44x50, 78 

Thiiion's  process   51 

Thfilen's  process 80,80 

sulphuric  acid — 

pyrites  burners 10,11,12,14 

vitriol  chambers 15^16 

Gay-Lussac's  tower 16;  18, 19 

Glover's  tower 17,18,78 

concentrating  apparatus 19-32 

Faure  &  Kessior's 10,20,21 

purifying  process  22 

superphosphates,  Thibanlt's  continuous  process 57 

vanillin,  IVom  aveneino,  extracted  from  pericarp  of  oats  (Semllas) 71 
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CnxmSTBT  AND  Pbabmact— 
ftiel  used  in  muiufiictiiT»— 

cool 22,47,78,80,82,84 

in  roflning  sulphur 78 

Buuiafacturing  wda 80,84 

pota«h  find  8oa>wecd  prodnots 82 

coke 47 

expedients  to  economize 20 

operativps— 

number  employed— 

in  soda  Indnstiy 78,80,84 

mining  pjrrites 80,84 

potash  monafoGtare  from  Boa-wecd 82 

preparing  kelp 83 

general  chemical  mannfhotoze 80, 116;  120 

parodncts,  by-products,  materials — 
acids— 

acctio 80 

benzoic 64,87 

boracio 83,86 

carbonic 81,45,114 

citric 86 

gsllio 85^80^119 

hippurio 64 

hydrochloric 37,45,62,63,64,80,82,84 

hydrocyanic 87 

hydroQuorio 86^87 

hydrosulphuroos 25 

nitrio .* 2(1,276,3,70,82,87 

osmio 86 

oxnlio 68 

pyrogallio 86^119 

xnccmio 120 

salicylic 25,121 

silicic 45,51 

snlphurio 0,20, 22, 25k  45, 01, 63, 77, 70, 80, 81, 82, 86^87, 02 

fuming  (Nordhausen) 24 

tartaric ., 64,79 

alantlne 118 

alcohol 81,88 

methylic 90 

alizarine 100,118,118 

alkaloids 117,120 

alum 70,81,80^87 

alumina 45,70,84,85,86,87 

sulphite 86 

aluminum : 84 

siklphato 58 

ammonia 81,44,45,01,62,68 

ammonium — 

chloride 81 

salts 80 

sulphide 01 

siilplio-carbonate 61 

sulpho-cyonide 61,62 

snthraceno 79,100 

snthraqnio<nie 79 

sntimony 117 

atiophine U6, 118, 119, 120 

arenloe 71 

bariom,  binoxide 85 

chlorate 80 

salto 80 
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ChXMUlTBT  ahd  Phabmact— 

prodaots,  by-prodacto,  materinlB 

boiytft 0,80^119 

ohiorate 119 

bauxite 79, 81, 86 

beeavax IIS 

bonxophenon BS 

bismuth 85.86,118 

bleaching  prepaxations 52,85 

borax 50,78,83 

bounafa  resin 125,128 

bromine 63,81,82,88 

cadmium,  iodide 118,110 

salt* 85 

sulphate HO 

caffeine 110 

calcium,  chloride 45^58,81 

manganite BS 

phosphide 80^110 

salt 64 

sulpho-cyanide 62 

camphor -. 88;  120 

cannabine 120 

cautharidine 118 

carbon 61 

bisulphide 61,70 

monoxide 51 

chloral,  aloholate 120 

amylic : 120 

ethylic 120 

hydrate 117,120 

methylic 120 

propylic 120 

chloiine 45^58,68,81 

chloroform 70,88,117,119 

chlorozone  (for  bleaching) 86 

cinchona 117 

Dodeine , 110 

ood-UveroU 148 

conicine,  bromo-hydrate 118 

copper,  chloride 81 

oxalate 61 

cork lis 

cubebs,  prepaiationa  of 117 

cnrare 118 

curaiine , 118 

cyanides   " 60, 82, 70;  87 

dambonite 118 

datnrino 116,  U8 

digitaline IM^UO 

disinfectants 86 

elaterine 110 

*' elegant  phannacy** U4»  115^188 

erythrit 86^118 

erythrophl6ine 135 

teerine 110 

ether 70;  80;  117 

encalyptnSk  preparations  of 117 

extracts   117 

fertilizers  88;82 

flower  flavors,  perfumes,  etc 118 

formates Ul 

fhiit  extracts U7,ia 

gaUinm 81 
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Chxhibtbt  axd  Phabmact— 

pcodaota,  by-prodnots,  nuitrtTiftln 

glaooae •    118 

glyoerine 121 

go^ohloiide 86 

gnaranine ISO 

bematodne 118 

herapathite 120 

honey 118 

hops 112,118 

hyoaoiamine  119 

igasarfne 120 

indlgotine 8M18 

iodine 28,88,121 

fhnnBea>weed 28,65,56,81,82,88 

izoD,  hippnrate 64 

Miohel'8(*7«rAMMKi9ii«") 121 

oxide    62,80 

perohloride 64 

phoaphates 121 

Qnerenne's 121 

sulphate 58 

solphide 68 

Jalap 120 

•*Jai«l  water"  (for Ueaohing) 81 

kamaline 118 

kelp 82,88 

lactates 121 

lead,8alt8  80 

leucine 118 

Utne 52,62 

bisulphite 25 

oaustio 28 

chloride 81,84 

limestone 84 

lye 80 

madder 80,110,118 

magnesia,  sulphate 84 

magnesium,  calcined 79 

oxalate 68 

regenerated 84 

sulphate 80 

manganese,  borate 88 

oxide 78^80 

pnoxide 52 

mannito ^ 118 

meconnlne 119 

menispermine 119 

mineral  waters 114 

morphine,  salts 119 

narceine 118 

nickel,  sulphate 87 

on,  cod-liver 148 

essential 118^116 

of  orris 116 

peppermint 116 

roses 116 

oliye 79,118 

oaokerit 72 

palladium,  chloride 86 

paracotine 119 

paraf&ne 72,116 

peppermint^  oil  of 116 

pepsin 120,121,122 


540  INDEX. 


FRANCE— Oontlnnod. 

CBEaaSTRT  AXD  PltAKMACT— 

producto,  by-prodnots,  materlnli 

peptones 122,123 

porfiimeiy 115^116 

plioQol 117 

photoffTflpher's  inateriAlB 85,110 

pliUiallio  aiiliydpido 110,120 

pills 117,120 

pilocarpino 110^120 

platinum  (we,  a2fo,  Motal*\ror1iiiig,  b^Uno) — 

chloride 86 

cyoiiido 86^119 

potash 82,83 

from  boot-root  sng&r  waste 30 

soO'TToed 29^78 

oanstlo «3,79 

snlpko-carboaato 8S 

potassA— 

cMorsto 88 

bicbronuite 78 

porinanganato 85^121 

snlplmte 82 

potassiiiiu— 

bromido .81,82,83 

oarbonato 31,83 

cblomto 81,88 

cblorido , 29,30,31,33,62,83,84 

cyanido 79^87 

forro-cynnlde 81 

iodido  81,83 

nilraio 82 

oxabito 83 

pmsaiate 81,87 

salts 28. 83, 70, 88,8* 

from  saint  of  wool 20^83 

sulphate 82^79,82,88 

sulphide 83 

sulpho-cyanido 82 

powdoi-s 117 

pjTitos 0,22,80,81,84 

quiniue 117,120 

resin 113 

bounara,or  thapsia 125,126 

scanimuny 110^120 

roses,  oil  of 118 

rubldiom 81 

saffron 113 

salt 88, 78^  7»,  80, 84 

ammonium 80 

atTophino 118 

barium 80 

bromino 82 

calcium 84 

cinchona 117 

daturino 118 

esoi'ino 119 

glaubor 29 

iodlno 82 

load 80 

morphine 119 

Quinine 117 

soda 80;81 

Stassforth 80 

thallium 85 
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COBIOSTBT  AKD  PnABltACT— 

produota,  by-produeta,  materials- 
salt— 

tin 87 

trimothylomlne SO 

uranium 8S 

aaltpetcr 22 

acammony 110^120 

aelonium 81 

ailicon U9 

ailver,  nitrate 86 

soda       32, 44-51, 77, 78, 70;  80, 81, 84, 87 

carbonate 45,88 

caustic 45,61,83,80 

crystals 45,80 

aalts 80,81 

sodium 80,84 

btoulpliate 22,24 

chloride 30,82,88 

hydrosnlpbite 25,28 

nitrate 28,46 

nitro-prussldo 121 

silicate    51 

sulphate 24,30,33,51,80,81,84 

anhydrous 29,81,70 

■pouf^es 118 

strychnine 120 

sulphur 22,61,78,80 

chloride '. 79 

regenerated 80, 84 

preparations  for  destroying  phylloxera 70 

sulphuric  anhydride 24,25,51 

superphosph  ates 57, 70, 60, 81, 88 

tan-bark 113 

tannin 86,117.119 

tartaremetic  HO 

thallium  salts 85 

thao 127,145 

thapsia  resin  125,126 

tbolMiine 110 

fehenardide 20 

tin,  salts  of 87 

toilet  articles         100,114,116,116 

triphonylmethan 86 

tyrosine 118 

uraninmsalts 85 

urea 86 

vanilla,  artiflcial 80 

yanillin 120 

▼arech 81,82 

vaseline 118 

woad 118 

wax,  bees' 118 

sine 26,68,86 

sulphate 68,87 

exports^ 

perfumery   116 

to  Belgium 116 

Braxa 116 

Germany 116 

Great  Britain 116 

South  America 110 

UnitedStates  116 

pbannaceutioal  preparations 113,114 
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ChBMUTBT  and  FHABMACr— 

ezporU— 

qninine 117 

■pongeo llj 

snlpluirio  acid— 

toltoly    92 

tnlphnrio  aoid  ooncentroting  appanttofl 20 

to  United  States 20 

tan-bark 118 

tannin— 

toBoBsia 119 

tnpoTts— 

borate  of  lime— 

from  Turkey  63 

bromine 82 

ood*liyer  oil— 

from  Newfoondland 148 

Norway : 148 

cindbona  bark— 

ftomPen 117 

cork ." 113 

bops lis 

manganeee^ 

from  Spain 06 

osokerit — 

from  Anatria 72 

pharmaceutical  ingredients 114 

pyritea— 

from  Belgium     80 

Spain OS 

aalt— 

from  Spain 00 

soda — 

from  Great  Britain 77,80 

sponges  118 

sulphur - 78 

from  Sicily 78 

Spain 86 

from  United  States  ezoluded  by  protective  legislation —  8 

Clocks  and  Watchbb— 
clocks— 

trayeling 406 

divided  deoimali> 406 

for  towers,  churches,  etc 406 

monthly ." 406 

yearly 406 

running  fifty  years 406 

a  thousand  years 406 

prcqMlledby  water 406 

electricity 406 

moving  orreries 406 

watches- 
collective  exhibit 405,406;  407 

not  goiendly  excellent 407 

not  made  by  machinery  (m^,  a2»o,  Machinery,  bdow) 407,412 

system  of  piecemeal  hand-manufiictnre 408 

trade  In,  ix^Jurod  by  American  competition ilO 

FlSBKRUt»— 

on  ooast  of  France   146 

Newfoundland 148 

importsof  cod-liver  oil  lYom  Norway 146 

FoniSTBT— 

manufiustures  and  uses  ■  ■ 

corks 113 

oxalic  acid  from  pine  sawdust 63 
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Pago, 
lied. 

prodncto— 

cork 118 

tan-bark 118 

niftnhlnery — 

oork-oattiiig 113 


materials-- 

ammonia  soda 40 

preparations  for  etching 86 

soda  silicate 51 

IflACHlHKBT  (inclading  tools,  implements,  appUances,  processes) — 

ezUbit 391 

chemical — 

ammonia  apparatas 45 

coke  towers  82 

crystallizing  reservoirs 39 

cyanides  apparatas 01, 64 

evaporating  pans    89 

hydrochloric  acid,  condensation  by  WoulfTs  bottles 87 

ice-making  (by  sulphuroas  anhydride) ^ 25 

labor-saving  processes  slowly  introduced 78 

pharmaceutical  apparatas 114,117,120 

potash,  extracting  tlrom  kelp 29, 56 

soda 78,80 

stills  for  extracting  essential  oils 116 

solphur  works  78 

sulphuric  acid— 

pyrites-burners 10,11,12,14 

Gay-Lu88ao*s  tower , 16, 18, 19 

Glover's  toww 17,18,78 

concentrating  apparatus  19, 22, 86 

export  to  United  States 20 

platinum  stills 20 

superphosphate  apparatus 57 

engines— 

Woolf  vertical,  compound,  variable  cut-off  steam-engine:  T.  &  T.  Powell,  Kouen, 

exhibited 371,372 

illustration  of     372* 

horizontal,  compound,  condensing  steam-engine:  J.  Hermann-Luchopelle,  Paris,  ex* 

hibited 37S-380 

illustration  of 379* 

vertical,  compound,  brotherhood  steam-engine :  G.  Fland  &  A.Cohcndet,  Paris,  exhib- 
ited   380,881 

illustration  of 881* 

Otto's  silent  gas-engine :  Compagnie  Parisienne  de  ChauflSAge  et  d*£clalmge  par  lo 

Gaz,  Paris,  exhibited 384^  886 

Bisschofs  vertical  gas-engine:  Mignon&Bouart,  Paris,  exhibited 885 

apparatas  for  the  instantaneous  generation  of  steam  by  liquid  fuel :  G.  J.  Dusaulx, 

Paris,  exhibited 385,887 

illustration  of 386* 

looomotives  (ms  Railway  Apparatus). 

first  steam-engine  Tised  (1732),  Anzin  coal  mines 170,177 

number  employed  in  mines 181,182 

rotary  pumping  engines,in  mines 187 

hydraulic  engines  in  rook-salt  works 181 

forestry— 

oork-cutting  machinery 113 

shown  at  Exposition 113 

nachine-tocds — 

exhibit  394 

gear^mtters  896,396 

planers 394,895 

now  method  of  lubricating. 395 
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Macioxkry— 

maob  in  e<  tools— 
pliiiDeni — 

nnintelUp^Dt  imitation  of  American  pattern 8U 

qnick>retum  motions  on  shaping  machines It4 

small  touls,  drills,  pouches,  shears,  etc 8M 

metal-  working- 
iron— 

charcoal-hearths  of  the  ancient  Ganls 175 

platinum — 

ftimaoo  with  compound  oxyhydrogen  blowpipes  for  making  alluys  of,  with 

iridium,  etc 68 

model  0^  exhibited  by  the  Commission  du  lldtre tt 

silver — 

Luoe  &  Bosan  process  of  concentrating 197 

mining- 
hoisting  arrangements- 
Cousin's  safety  apparatus 1S3,  185,188 

proyision  agahist  overwinding 186 

steel  cables  replacing  iron 187 

wooden  and  i^sn  guides  replacing  ropes 187 

ore*dreiising,  improvements  in 187 

coal-washhig,  improvements  in 187 

coking  furnaces 183 

paper-working  38^3D4 

engine-tub 38! 

Fonrdrinier  machine 882 

printing  presses 882,883 

type-composingand  distributing  machines. 883 

numbering  machines,  for  notes,  tickets,  etc 384 

watch-making — 

HtUeused 407,413 

used  unsuccessftilly 412 

imported  or  imitated  £h>m  United  States 407,488 

disbelief  in 410^412 

HlKIKO  IXDUSTRIES— 

report  on 174-188 

origin  and  progress- 
works  of  the  Gauls  ,... 174,175 

under  Roman  occupation 174 

of  the  Saracens 174 

in  the  Middle  Ages 174,178 

tmder  Louis  XVI 174 

modem  advances- 
introduction  of  powder 174 

appliances 174 

corps  of  mining  enidiieers  (1781) 174 

school  of  mines  (1783) ^ 174 

mining  laws  (1810) 174 

copied  in  Greece 337 

conditions  of  the  industry- 
mining  enterprises 175 

for  coal 175,170,177,181 

iron 175^181 

equipment,  apparatus,  appliances — 

engines 178,181,18! 

hydraulic 181 

stesm 178,181,183 

transportation  apparatus,  coal  and  ores 183 

hoisting  apparatus 183, 187 

safety , 183,  m  188,  IW 

explosives 184,185 

dynamite,  giant  powder 184,  iS 

nitro-glyooine 184,  !• 
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MiNDCO  Inpubtbibb— 

conditions  of  the  indastry — 

equipment^  appaiatas,  applinncen— 
exploeivcs— 

saltpeter  powder 184 

dynomite-gnm 185 

safety  lamps 187 

electric  lighting  of  mines 187 

steel  replacing  iron  and  wood 187 

ore^ressing 187 

coal-washing 187 

works  oondncted  abroad- 
lead  mines  in  Greece 337, 338 

models  of  mines 182, 183, 187-188 

in  glass 188^189 

plaster 188 

wire 187,188 

method  of  constmctlon 187, 188 

production  and  consumption— 

agate 179 

almn 175 

olominimn 184 

antimony -. 176,178,179 

hsrytes 175 

hanxite 178 

bitumen 178,181 

brass 184 

building  stone 175,179 

clay 175,179 

coal 171,175,177,180,181,182,183 

amount  used  in  mines 177 

railways 177 

smelting  works 177 

steamers,  ocean 177 

river 177 

anthracite 175,177,178 

Ugnlte 175,177,178 

artificial  fael 182,183,187 

cobalt 175,178 

coke 183 

copper 175,178,179,184 

pyrites 9,178,180 

galena 180 

gold 179,184 

graphite 178,179 

iron 176,180,182,183 

ore 172,175,178 

bar 172,183 

pig 172,183 

pyrites - 178,170,180 

Jasper 179 

lead 172,175,178,179,184,218 

Utharge 184 

manganese 176,178,179,180 

marble 175, 179 

mercury 175 

nickel : 175,178,184 

ocher 175 

peat 178,180,181 

phosphates 175,179 

platinum  179 

salt,  rook 175,178,181 

silver 178,179,184,209  note 

slate 179 

steel 172,178,183 
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HnnNO  iKDUBTBIEfr— 

prodaction  and  constimptioii— 

sulphur 175,178^179,181 

talc 175 

tin 17B,  178,179, 212 

zlno 178.175,178,179,184,287 

exports — 

antimony 179 

coal 177 

to  Algeria 189 

Italy 177 

Bnssia * 2S1 

copper 179 

to  Great  Britain 222 

Bossia 261 

graphite 179 

iron- 
to  Belginm  281 

Baasia 261 

iron  pyrites 179 

lead 179 

to  Great  Britain 223 

manganese 179 

salt- 
to  Russia  381 

silver 179 

steel- 
to  Russia  361 

snlphor ....'. 179 

tin- 
to  Great  Britain 212 

line 179 

to  Great  Britain 224 

imports- 
antimony  175,179 

coal 177 

from  Belgium 177 

Germany 177 

GreatBritain 177,214,215,225 

cobalt -•-  — 1^ 

copper 179 

Arom  Algeria 175 

Bolivia 175 

Chili 175 

GreatBritain 175,23 

Italy 175 

United  States 175 

gold 175,179 

graphite 179 

iron 176 

Arom  Algeria 176,189 

Belgium 176,281 

Italy 176,309 

Spain 178 

iron  pyrites 179 

lead 179 

from  Algeria 175 

Belgium. 175 

GreatBritain 175,283 

Sardinia  175 

Spain 175 

manganese. 175,179 

mercury 175 

nickel 191 

from  Xow  Caledonia 175,191 
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ICmiNO  iKDUSTBDEfr— 

imports-^ 

platiimm 179 

aflver 175,179 

•olphiir 179 

tin 175,179 

firom  Great  Britain 221 

lino 179 

from  Great  Britain 224 

operatiyes— 

number  emjiloyed 180 

in  mines  and  qaarries 174,180,181 

bitumen « 181 

oofll 181,182 

iron 181 

peat 181 

salt 181 

tolphor 181 

m  metallurgical  eatabUahmento 1 80 

wages 180,182 

to  miners  of  coal 180,182 

iron 180 

peat 180,182 

work  performed 174,180 

by  miners  of  coal 180,182 

iron 180 

pent 180 

proriaiosi  for  the  welfare  of— 

by  the  Compagnie  des  Mines  d'Axudn 183 

Schneider  St,  Co. ,  Creuzot 195 

danger  ftom  mining  accidents 186 

explosions 184, 186 

guarded  against  by  safety  apparatus 185, 186»  187 

fbel— 

production  and  general  use— 

artificial  (briquettes) 182,188,187 

coal 171,175,176,177,178,180,181,182 

lignite 177,178 

coke 183 

peat 178,180,181 

use  in  melnllvrgical  industry- 
charcoal  175,176 

coke 176,183 

prices- 
coal 177 

Ugnite 177 

HITAL-WOBKIXG  (MS,  oUo,  Machinery:  metal-working)— 
aluminium- 
exhibits 85 

mannfaoturee 84,85 

prices  86 

sulphate,  produced  i^m  slag  of  iron  furnaces 58 

iroo^ 

replacing  ropes,  for  hoisting  in  mines 187 

wood  in  cross-ties  for  railways 424 

iVames  for  railway  cars 425,446 

railway  axles 426 

platinum- 

^>paratus  for  concentrating  sulphuric  acid 19, 20, 21, 86,87 

exhibits w 87 

metals  a8sociate<l  with — 

iridium 87 

oamium 87 

pailaflinm 87 

ruthenium 87 
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Mbtal-wobkino— 
■teel— 

replacing  iron  178 

in  hoisting  cables  in  mines 187 

railway  material 420,434 

Papbr-uakiko— 
materials — 

iduminium,  salphate,  instead  of  alam   57 

zinc,  sulphate,  for  sizing    58 

Railways  (inclnding  apparatus,  material,  fixtures,  etc.) — 

exhibit 418,423.430,431,445,457-4£» 

information  withheld  concerning 431 

showed  prevailing  European  method  of  constraction 423 

system  of 423-427 

originated  in  1840 423 

left  to  private  enterprise  by  law  of  1842 423 

classification — 

aneien  rSteau  (old  network,  tnmk  lines) 423 

receipts  per  mile 424 

nouveau  ritmxu  (new  network,  feeders  to  tmnk  lines) 4S 

aided  by  governmental  subvention ^^4 

receipts  per  mile 484 

gage  (M«,  also,  tramways,  2>«Iow)— 

controversy  concerning 449,450 

standard  (4' 8i"  and  4' 9'0  448 

suitable  for  trunk  lines 454 

narrow  (1  meter =39.371") 450,454 

suitable  for  local  traffic 454 

cost  per  mile 454 

extent  of 424 

gross  receipts 424 

receipts  per  mile 424 

operatives^ 

number  em  ployed 427 

per  mile 427 

dutiesof 427 

speed  of  trains 427 

coal  consumed  on 177 

increase  of  government  revenues  fh)m  the  building  of 428 

saving  in  transportation 428 

development  of  mining  industry  in  the  Pyrenees  by  railroad  extenston IM 

locomotives  (see,  also,  tramways,  beUno) — 

number  of  424 

improvements 425 

increased  weight  and  power 425 

steel  parts  replacing  iron 425 

utilizing  waste  steam 425 

fire-grates,  boxes,  etc.,  to  economize  fuel 4K 

exhibits 43(1,431-137 

locomotive  and  tender:  Western  Railway  Company 432*,433 

express  locomotive  and  tender :  Soci6t6  de  Construction  des  Baldgnolles,  Paris .  .433, 434* 

locomotive  and  tender:  Schneider  &.  Co,Creuzot 434,435 

locomotives :  Paris,  LyonB,  and  Mediterraneui  Railway  Company iSS,  438*,  437 

rolling  stock  (see,  also,  tramways,  beUyw) — 

condition  of 424 

passenger  cars 445-447 

number  of 424 

improved  construction 425 

iron  framing  replacing  wood 425, 446 

sleeping  cars 425 

first-class  passenger  coach,  "Western  Railway  Company,  exhibited 445^446*,  447 

salon  cars  exhibited  447 

inefficient  system  of  wanming    425 

Westinghouse  air-brake  used 448^  467 
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FBAirCE— Continued. 

BAILWAT&— 

rolling  stock — 
freight  cars — 

number  of •. 424 

iron  framing  replacing  vrood 426 

flxtorea,  permanent  way — 

conditionof 424 

improvements   424,425,426 

steel  rails  replacing  iron 420,424 

use  of  fish-bars 424,426,457 

oross-ties  treated  against  decay 224,425 

metallic 424 

signaling  systems 424 

operated  by  telegraph    424 

ballasting  roa<I-bed 424 

spikes,  screwed,  not  driven  426 

axles,  tests  of 426 

tramways,  street  railways,  narrow-gage  roads,  etc. — 

Decaa ville's  portable  tramway  for  mines,  agrioultural  and  forest  use,  etc 457-459 

rail  used  on 467* 

joint  of  sections 467* 

tramway  and  cars  for  mines  and  quarries 458* 

car  for  mines 469* 

tramwa^^  in  operation  on  sugar  plantation 460* 

ttreet-rail  way  s 459-466 

cars— 

of  American  design 459 

management  of 450, 460 

wheels  without  flanges  on  one  side 461 

exhibits 461-466 

drawn  by  compressed-air  motors 462*,  463*,  464*,  465* 

motors,  locomotives — 

M6kar8ki's  compressed-air  tramway  motor 461, 462* 

attached  to  car  463* 

drawing  ordinary  street'Oar  164* 

Lamm  Sc  Francq's  compressed-air  motor 462, 463, 465*,  466 

mining  railways— 

Decau ville's  tramway  and  oars 457, 458*,  459* 

cars  transported  by  tAil-rope  and  endless  chain  at  Anzin  mines 183 

M6kai8ki's  compressed-air  locomotives 461 

TULTILB  FaBKICS— 

woolen — 

bleaching  by  sodium  hydrosnlphite  solution 26 

dyeing  by  sodium  hydrosulpbite  solution 26 

bleaching  preparations,  ' '  Jarel  water  " 81 

chlorine,  bleaching  powders 52 

dyeing  Turkey  red  by  sulphate  of  aluminium 58 

COLONISS— 

AIXrERiA  (MS,  olfo,  AIn-Morkha,  Gourayas,  Qued-Messelmoun, 

AIn-Safra,  Hammam,  Soumah, 

Beni-Saf,  Kef-Oum-Theboul,  Zaccar}— 

DJebel  Haronaria,         Kharizar, 

pavilion  at  the  Exposition 1 13, 125 

sponges 126 

Cbsmistby  and  Phabmact— 

crude  drags  exhibited 123, 125 

colocy  nth 125 

ergot  du  diss 125 

euoalyptic  acid 12* 

eu  caly  ptol 1 26 

lecanora  esculenta  (said  to  bo  the  manna  of  the  Bible) 126 

pellitory 125 

resin,  bottnafa  or  thapsia 125, 126 

squill 125 

thapsia  silphium 125 
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FBANCK— Continued. 
COLONIES- 
ALGERIA— 

FORBSTBY- 

cork  manofaoture US;  129 

encalyptas 125 

uses  of 126 

anti-malarial  influence 134 

bark  for  tanning 126 

MnmiO  INDU8TBIBB— 

report  on 188,190 

condition  of  the  industries 189^190 

number  of  mines  in  department  of  Algiers- 
copper  189 

iron 189 

department  of  Constantino— 

calamine 387 

iron 189 

lead 188 

department  of  Oran — 

iron 189 

steam-engines 189 

operativiM 189 

ezporta— 
calamine— 

to  Belgium 288 

copper 190 

to  France 176,189 

iron 190 

to  France 176,189 

Belgium 189^281 

Great  Britain 189 

United  States 189 

lead  190 

to  France 175,189 

importa— 
coal— 

from  Great  Britain 189 

France 189 

COCHIN  CHIXA— 

Chbiostby  and  Phabuact— 

drugs 127 

thao  (gelose,  from  sea-weed) 127,145 

yields  dressing  for  silk  and  other  fiabrlai 127, 145 

method  of  use 127 

GABOON— 

CHKiaSTBT  AND  PHABMACT— 

er3^rophl6ine 125 

6seriue 124 

inline 124 

poisonous  vegetables — 

atchim6 134 

erythrophleura  guinsense  (man^Ane  or  bonnme) 124 

properties  as  a  poison 135 

ic^Ja  (bondon  or  m'bondon) 124 

properties  of 125 

ilongo 134 

okonyago 124 

ourende 124 

physostigma 134 

strophantus  hispidus  (in6e  or  onaye) 128 

properties  of 124,125 

sassy  bark U6 

strophantine 11^124 
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rBANCE— Continued. 

C01X)NIES- 

GUADELOUPE— 

AORICULTUBIt— 

sugar 124 

Chrmzbtbt  and  Puabmact— 

▼anilla 124,141 

FOBR8TBT— 

Campeachy  dye-wood 124 

GUIANA— 

CUSMIiSTRT  ANU  PHABMACY— 

copaiba 123 

curari  poiaon 123 

lime  (fi-uit),  citrate  of 123 

medicinal  plants 123 

oil  of  boa-constrictor 123 

pareirabrava 123 

qnassia  amara 123 

simamba 123 

tonqna  beans 123 

vanilla  pompona 123 

Mixing— 

gold 190 

HABTINIQUE— 

Chemistry  and  Pharmacy— 

cassia  ocoidentalis  (substitute  for  coffee) 123 

cinchona  barks 128 

mineral  waters 128 

vegetable  drugs 123 

INDIA— 

PONDICHEEEY— 

Chemistry  and  Pharmacy— 

coloring  materials 127 

gums 127 

iwinglasH 127 

oil 127 

perAunes 127 

resins 127 

tanning  materials 127 

NEW  CALEDONIA— 

HiNIKO  INDUSTRUB— 

geological  fonnation  of  the  island 190,191 

products — 

chromium 127, 190 

coal 191 

cobalt 127 

copper  147,190 

gold 190,191 

iron  127,190 

manganese 127 

nickel 127,175,190-193 

gamierite 191 

method  of  extraction 191-193 

ferro-nickel 192,193 

properties  of 192 

in  Gherman  silver 192 

alloys  with  iron 193 

pyiitee 191 

export*— 
nickel— 

to  France 175, 191  note 

OCISANICA— 
TAHITI— 

CHIMIBTRY  AND  PHARMACY- 

arrow-root 127 

piper  methystioum  (yiekUng  aloohot) 127 
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FRANCE— Coutinuea. 
COLONIES- 
OCEANIC  A— 
TAHITI— 

ClIBlflBTBY  AND  PBARHACY— 

sandal-wood 127 

tonqanbeana 127 

vanilla 117 

KEUNION  (formerly  Boorbon  Island)— 

CnRMISTQT  AKD  PHABMACT— 

angrsecam  fragrans  (flavoring  plant) 126 

vanilla 126.141 

method  of  cultivation VZS,  127 

plants  brought  fh>m  Mexico 126 

SAINT  PIERRE  AND  MIQUEIX)N— 
Chemistry  and  Puabuacy— 

abiescanad.  (used  in  beer  and  in  tonic  baths) 1!M 

coptisvrif 13* 

crude  drugs 131 

gaultheria  procumbens 124 

sarracenia  (remedy  for  smaU-pox) 124 

SENEGAL— 

Chxmistuy  and  Pharmacy— 

caoutchouc  124 

ground-nuts  (arachides) VH 

gum  Senegal 124 

vetti  ver 13* 

Francq,  L6on,  director  of  the  Compagnie  Continentale  d'Exploitation  dea  Looomotives  saaa 

Foyers  (Paris,  Franco),  improver  of  Uroless  locomotive  invented  by  Dr.  E.  Lamm 4G2-406 

illustration  cf  locomotive  and  car 4fl5* 

Franz  (W.)  &  Co.  (Viejino,  Austria),  general  drugs  and  chemicals 100 

Eraser,  Alexander  (Edinburgh,  SootlaDd),  printer,  inventor  of  type*compo8ing  and  distributing 

machines 393 

Frazer,  alkaloid  extracted  from  bark  of  the  ici^a 125 

Frazer  Lubricator  Company  (New  York  City),  axle-grease 159 

FredensMollo  (Island  of  Amack,  Denmark),  sulphuric  acid,  superphosphates 77 

Fredriksstad  (Norway)— 
chemical  industry — 

oxalic  acid  fhmi  sawdust 95 

Freeland,  Robert  (South  Boston,  Mass.),  soaps 160 

Free  trade  (see  Protective  legislation). 
Freiberg  (Saxony,  Gennany)— • 
chemical  industry — 

sulphuric  acid 24 

mining  industry- 
concentrating  silver  ores Ml 

French  Guiana  (see  France:  colonies). 
Fresnes  (BYance) — 
mining — 

coal  discovered  at  (1720) 176 

Freund,  Louis  (LaPhiine,  Switzerland),  coloring  matters 156 

Friedman,  injector  for  locomotive  boilers 441 

Fritzsche  Dros.  (Now  York  City),  essential  oil  of  peppermint 150 

Froidvent  (France) — 
chemical  industry- 

acetates 86 

acetic  acid 80 

Fuel— 

expedients  to  economize 18,23,26,35 

Austria^Hungary 438 

Belgium 285 

France 20.425 

Germany 49 

Great  Britain 88,85^87.80^00,1:00,211 

Sweden 2« 
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Fael— 

artifloial,  briquettes — 

m&ntifiBCtare  and  consumption- 
France ia2,183,187 

coal — 

in  ceramioa,  glass^maklng,  etc. — 

Great  Britain 210,211 

in  chemical  industr} 46 

Belgium 76 

France •- 22,47,78,80,82,84 

Great  Britain 35,88,210,211 

Italy,  wanting  in 92,  W 

Norway,  wanting  in 94 

Russia,  inaccessible 95 

Spain 96 

Switzerland,  wanting  in 97 

in  factories  and  general  manufactures — 

Great  Britain 210,211 

Spain 315 

in  gas  works 49, 50 

Australia 244 

Great  Britain 210,211 

Spain    315 

United  States 215 

in  household  and  general  use— 

Austria-Hungary 294,295 

Great  Britain 210,211 

in  mining  and  metallurgy — 

Austria-Hungary 294 

Belgium 282,291 

France 177 

Great  Britain 210,211 

Greece 337,339 

Portugal 328 

Russia 256note,260 

Spabi 315 

Sweden  (Inadequate;  supplied  by  importation) 263 

on  railways— 

Austria-Hungary 295,437-440 

France 177,425 

GreatBritain 210,211 

Spain 315 

in  steam  navigation — 

Austria-  Hungary 295 

France 177 

GreatBritain 210,211 

Spain 315 

in  water  works- 
Great  Britain  210,211 

production  and  consumption- 
Australia 228,229,241-244.245 

Austria-Hungary 171,261,294-296 

Belgium 171,177,261,272,273-279,280 

Borneo,  Dutch  East  Indies 344 

France 171,175,177.180,181,182,183 

Germany — 

Prussia 171 

GreatBritain 171,197,200,201,210,211,214,215,210,217,218,220,226 

Greece 337,339 

Italy 117,225,307,308 

Portugal 820,328 

Russia 171,225,247,258,260,261 

Spain 171,225,313,314,316 

Sweden 171,263 

United  States 171 
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charcoal — 

in  mining  and  metallnrgy— 

Banca,  Datch  East  IndiM 842 

Prance 176»1T9 

Italy 306,212 

Kasaia 266i»0lr 

ooke— 

production  and  conanmptioii— 

Austria-IIungary : 498 

France  183 

in  chemical  indoatry 48 

France 47 

Gi«atBritain 33 

in  mining  and  metaUmgy— 

Aiistria-Hungaiy 2M 

IScIjrinm 286 

Fi"auc4> 176,183 

Greece 238 

Spain 815 

Sweden 268 


for  driving  steam-enf^inea 884,1 

rate  of  consumption 

peat- 
production  and  consnmption — 

Belgium 272 

Franco 178,180^181 

Italy 807 

^Netherlands  .  340 

Sweden 163,264 

United  States 264 

petroleum,  naphtha,  etc. — 

furnish  power  in  Dusaulx's  apparatus  for  the  inttontaneoos  generation  of  ateam 386-387 

illustration  of  apparatus 888* 

consumption  per  horse-power 880^887 

wood- 
on  railways — 

Hungary 44tl 

Fuenfkirchen  (Hungary)— 

coaldeposits   294 

Fnmagalli,  G.  B.  (Monfalcono,  Austria),  pharmaoentioal  specialtiea,  anatherine,  ood>]iver  oil,  etc        106 
Fnmaces  (see  Machinery). 


Gahbro  (greenstone),  definition  of. 

Gaboon  {see  France:  colonies). 

Galena  (tee  Mining). 

Gallois,  Dr.  (Paris,  France)^ 

investigation  of  poisonous  properties  of  erythrophl6ine  from  sassy  bark  of  West  Africa. . .         12S 

bark  of  the  ic%Ja 125 

Galloway,  process  of  extracting  iodine  fh>m  kelp 56 

Gantillon  (Lyons,  France),  use  of  thao  as  dressing  for  textile  frtbrios 127 

Gamierite  (see  Mining). 

Gamier,  Jules,  discoverer  of  gamierite  (nickel  ore) 191 

paper  on  the  nickel  industry  in  New  Caledonia,  cited 191 

experiments  in  nickel- working 191, 192, 193 

Gartemberg,  Lauterbach,  & Goldhammer  (Drohobyoz,  Galicia,  Anstrla),  "Apollo fiat,"  vaseline, 
from  petroleum 161 

Gas  (««»  Fuel). 

Gas-engines  (see,  alto.  Machinery) — 

Bbport  on  Steau  and  Gas  £KQi]«Ei»,  by  Aicdbbw  J.  Swkekkt  {indeed  under  Machinery).  363-387 

Gas  works,  coal  consumed  in 49^50 

soda  to  be  obtained  flmn 41^60 
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GrateaheadniMni-Tyne  (England) — 

railway  apparatas  mMinftwtured— 

saddle-tank  looomotive,  narrow  fcage 450*,  451 

Grftnla  (ancient) — 

early  metaUargical  industry 174, 175 

Gautier  A.  Mairesse  (Pierre-Btoite,  France),  soda,  potash,  chlonMfonn,  ether,  etc 70 

Gay  a  (Moravia,  Aastria) — 
ohemioal  industry- 
essential  oils 109, 110 

anise 109 

cairaway 100 

fennel 100 

fruit  essences 100 

Gay-Lussac,  Joseph  Louis  (France),  chemist,  inventor  of  sulphuric  acid  tower 16, 17, 18, 19, 20 

(^karing  {8$e  Machinery:  transmission  of  power). 

Geigy,  J.  K  (Basle,  Switzerland),  chemical  coloring  matters 156 

Gelis,  process  of  producing  cyanides 61 

G^eneral  Onmibus  Company  (Paris,  France),  style  of  street-railway  cars  used  by 459-461 

General  Sulphur  Company  (Brescia,  Italy),  sulphur 98 

Geneva  (Switzerland) — 
manufactures — 

watches 407 

National  Observatory- 
observations  on  watches 412 

Genna-Arenas  (Sardinia,  Italy)~- 
mining  industry — 

zinc 809 

calamine 810 

Genevilliers  (France) — 
chemical  industry — 

alum 67 

alumina,  sulphate 87 

Genoa  (Italy)— 

chemical  industry^ 

mannite 142 

quinine,  salts. 142 

mining  industry — 

lead-reflning  works 307 

Georgia  (ms  United  States). 

Gerber  (A.)  Sc  Uhlman  (La  Plaine,  Switzerland),  chemical  coloring  matters 156 

Gerlach,  G.  T.  (Kalk,  Westphalia,  Germany)- 

method  of  producing  ammonia  salts  from  gas-water 49 

sodium,  sulphate  and  nitrate 46 

GEBMANY  («m,  aiao,  Aiz-la-Chapelle,  Dresden,  Oberhausen, 

Baden,  Freiberg,  Schalke, 

Bensberg,  Grevenberg,  StassAirth, 

Berlin,  Ealk,  Uekerath, 

Black  Forest,  Mayen,  Wiesloch)— 

Borbeck,  Noidhausen, 

AOBICULTnBB — 

beet-root  sugar- 
potash  derived  from  the  residues 30 

Juice  decolorized  by  aluminium,  hydrate 68 

Cbbamics- 

chemical  apparatus— 

flre-day  tubes  in  ftuning  sulphuric  acid  mannfltotnre 24 

CHIUIBTRT  AMD  PUABILICT- 

condition  of  the  industry 73 

manufiBctures— 

alizarine 100,104 

aluminium,  hydrate,  for  decolorizing  beet-root  sugar 58 

benzoic  acid 04 

chlorine 53,54 

cyanides 60 

nitrate  of  potash  (saltpeter) 28 
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Chbmistby  and  Phabmacy— 
manufacturea — 

potash  from  beet-root  sugar  refose 30 

potassiom  salts 28^ 

soda 32)33,77,69 

ammonia  process 40;  48 

ammonia  salts 4» 

sulphuric  acid 1>-S1 

residuesfrom 13-15 

copper 13 

iron  oxide  (for  pigments) 15 

fuming  (Nordhausen) 22-25 

vanilla,  artificial 69,170 

machinery,  apparatus,  processes- 
furnaces  for  burning  pyrites 10-13 

sulphuric  acid  towers   17 

distilling  fuming  (Kordhansen)  sulphario  acid  23-25 

producing  crude  soda 39 

precipitating  bicarbonate  of  soda 4^ 

fiiel  in  mannfiBMstuie,  expedients  to  economise    49 

operatives- 
work  performed 47 

expei  ients  to  economise  labor 48 

products,  by-products,  materials 

acetic  anhydride 71 

adds— 

arsenic 106 

bensoio 64 

sulpholeic 106 

snlpho-ricinic .' 106 

snlphurio 9,24,25,106 

fuming  (Kordhauscn) 22,24 

vanillic 70 

alcohol  31 

conlferyl 70,71 

aldehyde,  methyl-protocatpchnic 70,71 

salicylic 71 

alizarine 100,104,106 

blue 106-103 

alumina 166 

aluminium,  hydrate 58 

ammonia 81 

salts 107 

anhydrite 31 

anthracene 164 

baryta 106-10^ 

banzite 77 

benzoic  acid 64 

boracite 31 

bromine 54 

calcium,  chloride 107 

camellite     31 

chlorine  53 

chrome 106,107 

cloves,  oil  of 71 

coniftTin        69,70 

coniferyl  alcohol 70,71 

cyanideH W 

dextrine W7 

eugeiiol 71 

glauber  Halts 31 

glycerine 106,107,10? 

guaiacol 71 

iron 106)107 

oxide J5 
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6ES1CANY— Contlnaed. 

CRBVISTRY  AKD  PlIAKlfACT— 

prodaota,  by-produotB,  materials— 

kaiaite 31 

Usaerite 31 

lime 106 

acetate 107 

chloride 107 

magnesia 31 

magneaimn,  chloride 108 

methyl>protocatechuio  aldehyde 70, 71 

methy  l-pyrocftteohiii 71 

nickd,  oxide  106 

oil  of  chamomile 109 

cloves 108 

olive 71 

phenol 70, 71 

potash — 

from  beet-root  sugar  waste 80 

bichromate 107 

nitrate  (saltpeter) 28 

potassium,  carbonato... 31 

chloride 29,31 

ferrocynnido  107,108 

salto 28,29 

from  Stassfurth  deposits 28^29,80^2 

suint  of  wool    , . . ". 29 

sulphate 21 

purpurine 106 

pyrites 0,13,15^10,74 

salts  (see,  cUto^  Stassfurth  deposits,  6e(ot9) — 

glaaber ^ 81 

potash 28,29 

saltpeter  (nitrate  of  potash) 28 

soda ...32,33,48,77,89 

■  phosphate 107 

stannite 107 

Stassfurth  deposits    28,29,84 

brominm 64 

potassium  salts 28,29,30-32 

strontia 106,108 

snlpholeio  acid 100 

salpho-ricinic  acid 106 

sulphuric  acid 0, 24, 25, 106 

fuming  (Nordhausen) 22, 24 

anhydrides 24,25 

tachyhydrite , 31 

tin 106 

vanilla,  artificial 69 

vanillic  acid 70 

vanillin    70 

rinc 107 

exports— 

alizarine a  104 

imports— 

cod-liver  oil— 

from  Norway 148 

perAunery — 

from  France 116 

soda— 

ftt)m  Great  Britain 89 

MACHnVKhT— 

chemical — 

chlorine  manufacture— 

Jetzler's  apparatus    63 

Deacon  St,  Hurter's  apparatus 53 

Ilasonclcvcr'H  npiiaratns 54 
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GEBMANY-Conthraed. 
Machinebt— 
chemical — 

soda  maBufactuie— 

cryBtalliring  reservoirs 88 

ammonia  procees,  Honigmann 40;  47 

Schalke 46,47 

De  GrouBillieFB 48 

Siomens 48 

regeneration  of  sulphur  from  soda  waste,  Shafher  A,  Helbig 40* 

sulphuric  acid  manufacture— 

pyrites-burners 10,11,12 

Glover'tt  tower 17 

Winkler's  solphurio  anhydride  process 24,24 

Walter's  sulphuric  anhydride  process 25 

metal- working — 
nickel— 

refining,  reverberatory  furnace VU 

Mbtal-workikg— 

brass  manufacture 290 

gold  adopted  as  monetary  standaxd 19T 

nickel  manufacture 271 

steel  manufacture 430 

MnCIKO  IZIDUBTRIBB— 

coal  deposits 294,205 

trade  with  Austria 205 

dynamite,  giant  powder,  used  in  blasting 184,185 

experiments  by  Prussian  GoYcmment 184 

sine — 

location  of  deposits 265 

occurrence  255 

mines » 287 

works 287 

production  and  consumption — 

calamine 287 

coal 177,215^225^281 

copper 222,281,287 

gold 197 

iron — 

Spiegel 208 

pig 261 

wrought 261 

lead 213,223,287,299 

nickel. 271 

pyrites 328 

salt - »1 

silver 173 

steel 2fA26l 

tin 212,221 

zinc 206,224,255,287 

exports — 
coal — 

to  Austria »*.» 

Russia 261 

copper- 
to  Russia  20 

iron — 

to  Belgium 281 

Great  Britain >• 

Russia ^ 

salt^ 

to  Russia 261 

steel- 
to  Great  Britain  *• 

Russia 281 
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aSBMANT— Continaed. 
MmicG  Ihpubibhw 


pyxites— 

to  Great  Britain 18 

zino— 

toFranoe 175 

Great  Britain 206,214«224 


ooal— 

from  Austria 286 

Great  Britain 215,226 

I  copper— 

I  from  Great  Britain 222 

from  Belginm 281 


from  Great  Britain 223 

niokel— 

from  Norway 271 


from  Austria 301 

from  Great  Britain 221 


eixoellenoe  of  the  system 423 

noezhibit 423 

standard  gage 440 

Westinghoose  air>brake  need 467 

STATES  AND  PBOYINCBS— 
PBU88IA— 

Cbimioal  Indubtbt— 
mannfactnros 

coniferln 70 

cyanides 00 

soda 48 

matortftlo 

pyrites 0 

Knnxo  Ihdubtrhs— 

production  and  oonsnmptioik— 

coal 171,204,206 

iron 173 

ore 172,281 

pig 172 

wrought 172 

lead 172 

steel 172 

sine 173 


coal  to  Austria 204,205 

iron  to  Belgium 381 

imports— 

iron  from  Belgium 281 

dynamite,  giant  powder,  used  in  blasting 184,185 

experiments  with,  by  the  government 184 

SAXOirr— 

CmnacAL  Indubtbt— 
manufactures— 

ftuning  (Nordhauaen)  sulphuric  add 24 

hydrate  of  aluminium  for  decolorizing  beet-root  sugar 58 

MDflKO  IKDUBTBDES— 

coal,llgnite 206 

ailyer  worldng 801 

imported  ft'om  Austria 801 
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STATES  AND  PROVINCES- 
SILESIA—  t 

HlNmo  ISDUBTBIBS— 

production  and  consumption— 

coal,  anthracite 28S 

zinc m,21i 

oxporta— 

coal  to  Austria 295 

zinc  to  France 175 

Qreat  Britain 2L4 

THURINGIA— 

Ohbmical  Industry— 
materiola — 

conif erin W,  TO 

Forestry— 

sap  and  bast  of  fir  trees  used  In  obemical  industry 09 

WESTPHALIA— 

Chbmical  Inoustry— 
manufactures — 

ammonia  salts 49 

soda 40^49 

materials- 
pyrites  15 

freefirom  coj^er 15 

arsenic 19 

phosphorus 35 

available  in  Bessemer  steel  mannfaotore 14 

yield  thallium 74 

MiNTXa  IXDlISTRIEfl— 

coal 294 

spiegeliron  cxiwrtcd  to  Great  Britain 206 

8t«el  exported  to  Groat  Britain 206 

Gerona,  province  of  (Spain)— 
mining  industry — 

coal 314 

lignito 815 

Ghernird,  A.  W.  (London,  England),  organic  proximate  principles,  salts,  acids,  aloin 139 

examination  of  Australian  pituri 133 

Gorstenhofer,  f amace  for  burning  pyrites 11 

Ghedi  (Italy) - 

peat,  analysis  of 307 

Gibb  &  Giltharp  (Englocd),  revolving  furnace  for  calcining  pyrites  residuum 14 

method  of  extracting  copper 14 

Gidney,  Clark,  &  Co.  (London,  England),  drugs,  resins 1£8 

Gigon  (Paris,  France),  naroeine  — 118 

Giraud  (France)— 

chemical  industry — 

magnesia 84 

potash 84 

soda 84 

Girgenti  (Italy)— 

chemical  industry — 

sulphur 98 

Glaizat  &  Pcllieux  (France),  distillation  of  iodine  from  kelp 56 

Glaizot  Brothers  (Abcrvrach,  Finistdre,  France),  iodine  fh)m  sea* weed,  potash,  Inromine 82 

Glasgow  (Scotland) — 
chemical  industry — 

Chs.  Tennant  &  Co.'s  Saint  RoUox  Works SS^GB^OO 

alkalies 89 

borates 59 

chlorine S3 

manganese,  oxide 90 

soda    90 

carbonate 90 

sulphur 90 

alumina,  phosphate Ul 
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GUmcow  (SooUaikl)— Contixiiied.  Page, 

cbcmloal  industry— 

•mmflnitt,  snlplMte 90 

Intmiiiie 90 

ehlorioQlclum 90 

citric  acid j^ 91,131 

Iodine 50,00 

Umo,  acetate 90 

phoaphoms 91 

soda 90,91 

potash,  chlorate 90 

pmssiate 91 

potasaiam,  biomide 90 

chloride 90 

Iodide 90 

6LA8S- 

srticles  manufiictured— 
chemical  apparatus— 

retorts  for  concentrating  sulphuric  acid 21 

replace  stono  ware  in  nitric  acid  manufacture 26,27 

vessels  coated  with  platinum  as  substitutes  for  solid  platinum 68 

desiccating  bottles HI 

materials — 

ammoniarsoda— 

carbonate  (for  fine  qualities  of  ci-j'stal  and  plate)   47, 70 

silicate 51 

etching  preparations 80 

sand:  Belgium 272 

sodium,  sulphate 

modelsof  mines,  exhibited   188,189 

Aicl  used  in  manufacture :  Great  Britain. 210, 211 

decoration — 

pigments  from  uranium  ores 301 

Glover,  John  (Xewcastle-on-T3'ne,  England),  inventor  of  sulphuric  acid  tower 17 

Glovertower 13,10,17,18,19,78 

Godart  ftContenan  (Paris,  France),  crucibles,  etc,  of  platinum 87 

Goebel  (Belgium),  apparatus  for  manufacturing  nitric  acid 27 

Gold  (SM  Chemistry ;  a^.  Metal- working ;  aZao,  Minin;;). 
Gold  Coast  {Me  Franco:  colonies). 

Golding,  Davis,  A  Co.  ( Widncs,  England),  soda,  chloride  of  lime 80 

<iood  Hope,  Cape  of  (sm  Great  Britain :  colonics). 
Goroblagodatsk  (Ural  Mountains,  Russia)— 
mining  iadustry — 

platinum 260 

Gossago,  W.  A,  F.  n.,  (Widncs,  England),  animoiiia  noda  manufacturing  process 44 

(jothembonrg  (Sweden) — 
ch«nical  industry— 

maltextract 163 

(xourayas  (Algiers,  Algeria)— 

iron  and  copper  mines 189 

Government,  American  {wee  United  States). 

Grabowsky,  quoted,  on  the  production  and  uses  of  ozokerit  and  parafflno 71,72 

Graebe,  C.  (Geneva,  Switaerland),  St  Liebermann,  C.  (Berlin,  Prussia),  disoovery  of  properties 

ofallsarine   100 

Graham,  Thomas  (London,  England),  investigation  of  the  properties  of  palladium 60 

Gran,  C.  K.  (Bergen,  Norway),  eod-Uver  oil 148 

Grsnd'Combe  (France) — 

early  coal-mining .-         176 

Grandola  (Portugal)— 
mining  industry- 
copper  pyrites 820 

Grandval,  A.  (Reims,  Franoe),  vegetable  extracts 117 

Graphite  (ies  Mining). 
Oruse  (Franco) — 
chemical  imlustry— 

perftimery  from  flowers 116 

36  P  Br— VOL  4 
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Oratz  (Styiia,  Anatria)— 
cbemioal  indastry— 

anperphoBphates 57 

Gray  (England),  unmonia-soda  mannfacturing  prooeas 44 

GREAT  BRITAIN— 
Ceramics— 

chemical  apparatus— 

stone-ware  recipients  for  nitric  acid 38,27 

replaced  by  glass 36 

Chkmistbt  and  Phaumacy— 

exhibit,  chemical W-Ol,  157 

pharmacentical 128-131 

exhibitors,  number  of 7 

awards,  number  of 7, 8 

condition  of  the  industry 8,73,87-88,128 

manufactures- 
alizarine,  anthracene 100,104 

alum  cakes 58,91 

displaced  by  sulphate  of  aluminium ol 

in  paper  manufecture ..  57 

dyeing  textile  fabrics 57, 58 

borax 50 

chlorine  and  bleaching  powikT    51-34.  R9 

cyanides 08 

iodine ...33^56,80 

nitricacid 28,27 

opium  and  preparations » 129^180 

ozokerit,  illuminating  oUs,  paraffine,  etc 72 

pills 130 

platinum,  etc.  {te€  Metal-working,  below). 

soda 3W1 

ammonia. 44,45 

used  in  ultramarine  works 48 

glass-works 48,47 

capital  invested  in  the  industry 88 

crade 3; 

hj'drochloric  acid 34,38,37,45 

sulphate 33,34 

waste,  regeneration  of  sulphur  from 38, 30, 43, 90 

sulphuric  acid 0-25 

residues  of  burnt  pyrites 13,235 

Bessemer  material 14 

copper 13, 14 

gold IS 

oxideof  iron  (for  pigments) 15 

silver -.      13,14 

fumin;;  (Xordhausen) 24,25 

manufacturing  processes,  apparatus,  machinery 80 

chlorine^ 

Weldon's  process  for  regenerating  oxide  of  manganese 52, 53, 78, 79, 80, 84, 90 

Deacon  &  Hurler's  process 51 

greatcostof 55 

diffloultlesin 53,54 

cyanides — 

IVom  waste  of  gas  works   00 

nitric  acid — 

distilling  apparatus  of  stone  ware 28,27 

soda.... 32,78 

sulphate  of  soda  furnaces 33, 34 

cost 34 

Hargreavcs  &  Robinson's  process  34,35,38,4^^9 

greatcostof 35,36 

hydrochloric  acid,  Jones  &  "Walsh's  process  of  condensing 36^  37 

crude  soda  flmaces ^ 

Mactear's  process 37,45 
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CnSXIBTST  AKD  PlIABMACT— 

maun&ctoiing  proceflseB,  apparataa,  nuMhlnery— 
aodo — 

cvapoTstion  of  lye 39 

caldninic  fnnace 30,90 

waste,  regeneTating snlphur fttim,  Maotear's prooess 43,90 

coatofplant 43 

ammonia  process 44 ,  45 

from  iUtiminating  gas  works 49,50 

snlphnric  acid — 

pyrites-bamers 10,11,12,13 

furnaces  for  extracting  pyrites residnee IB,  It 

vitriol  chambers ^ 15 

Glover's  tower 13,10,17-19,78 

concentrating  apparatas 19-22 

platinum 19,20,21,04-09,90,01 

oostof 19,20,25 

glass 21,22 

fuming  (19'ordhansen)  acid,  platinum  apparatus  for  distUling 25 

fuel  used — 

coal 35,37,87,90 

coke 17,18,83 

economy  in 82,35,87,89,90 

products.  by>products,  materials- 
acids— 

acetic 90 

boradc * 50,92 

carbolic 130 

oetylic 129 

chiysophanio   129,130 

citric 91,131 

gelseminic 180 

hemipinic 130 

hydrochloric 34,30,37,43,45,53,90 

hypomthenic 07 

nitric    ...  15,28 

oleic         129 

opianio 130 

osmic 67 

stearic 120 

sulphuric 0,15,34.30,43,45,54,58,90 

filming  (Nordhanscn) 24 

theobolactic    129 

valerianic 131 

alizarine 100 

alkalies 32  73,89,99 

aloin 129 

alum 58,91 

aluminium 48 

phosphate 181 

sulphate 58 

alumioo-ferric  cake  (for  purifying  water) 91 

ammonia. 44-60,90 

chloride 47 

sulphate 90 

aniline   16 

anthracene  104 

antimony -. 54 

apomorphine 129 

hydrochlorate 129 

arsenic -. 14,54 

barbaloln 129 

barium,  carbonate 90 

bauxite 91 

bflDsine 72,131 
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Chshibtbt  and  Phabmact— 

prodncto,  by-prodaota,  materials— 

biliary  matter 128 

black  ash  {mb  soda,  bdow). 

bleaching  powder SS,81 

bold© 130 

borax 59 

bromine flO 

cadmium,  salts 129 

caffeine 129 

oaloiom,  carbonate 48 

camphor ^ 129 

monobrom 129 

capeaicino 129 

carbon- 
sulphide  » 

tetrachloride 89 

charcoal,  sea-weed 99 

chloricalcinm 99 

chlorine 51-64k»,90 

chloroform 13t> 

coal » 

coca IJO 

codeine 129 

codlireroU 129 

coke 17,83,72 

eolchica , 130 

copper 13;  14 

solphate 53 

snlphide U 

coto W 

creosote 130 

cresol 130 

onrarine 130 

cyanides 38^80 

dimethyl 130 

dnboisia 139 

eggs,  spirit  of 131 

eacal3*ptas,  preparations  of 131,139 

extracts 129,130 

Fowne's  artificial  alkaloid 129 

fhiit  essences 129 

fhrftirine 129 

gadoine 123 

gelatine  prqwrations 130 

glycecolls 130 

glycerine 129,130 

gnosoopine 121 

gold 13 

gnarana 130 

hydrocatamine 133 

hypophosphates 131 

Iodine 5fi,SflL8l,3e 

iron 13,14 

arsenate M 

oxide 15^38,3^48 

Jaborandi 130 

Ji^nbe  ^ 130 

kelp 96,50 

lavender,  oil  of OT 

lime Ii47,88 

acetate 80 

bisnlphlte « 

CAttStio 37 

chloride 88 

silicate 0 


i 
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CfUDnBTRT  AND  PlIAHMACT^ 

produoto,  bj'producte,  nutteririn-- 

Uthia,  citrate 12S 


ealoined 91 

carbonate 91 

maipieslnm — 

carbonate 48 

platino-oyanide 07 

manganese 28,00 

oxWe 00 

peroxide 63,88 

meconine 129^180 

meoonoioaine 120 

meronry   - 120 

morphine 120 

phtha 72 

pbthaline 180 

tetraohloilde 180 

naroelne 120 

narooUne 130 

natalobi  120 

nitro-glyoerine 18 

nor-narootlne 180 

oOa^eaaentlal 128»120 

of  larender 07 

peppermint 110 

▼erben* 181 

lubricating 72 

opinm 129 

oxynarootiae  129 

oaokerlt 71,72 

parafBne 72 

peppermint,  oil  of 110 

pepsin 181 

perfimiea 181 

phenol 181 

phoaphoma * 91 

pilla 180 

pilla 180 

pilocarpine 180 

salU 120,180 

platinum  («m,  dUo,  metal-working)— 

bichloride 07 

chloride 07 


chlorate 00 

citrate 128 

pmssiate 91 

sulpho-oarbonate 89 

xanthate 80 

potassium- 
bromide 90 

chloride 00 

iodide 14,00 

nitrate  (saltpeter) 88 

pyrites 9,18,14,88,222-281,286 

quinine 180 

rhodium,  sidio-ddorlde 07 

salt 13,14,84,86,47,88^00 

saltpeter  (nitrate  of  potassium) 88 

satiii-wlilte,  from  barium 90 

aiUea 48 

sUvsr  18,14 

iodide 14 
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GHKMI6TBT  Ain>  PHARMACY— 

products,  by-products,  materials- 
soap  131 

socaloin 129 

soda 14, 32-51,  T7, 88;  80, 90;  96 

bisulphate 16 

black  ash 89,90 

oaustio 89,90 

crude *- 37-^ 

crystals 69 

lye ...         89 

nitrate 18,16,27,88 

phosphate 91,131 

stannate 91 

sulphate 83-37,89,90,91 

sodium- 
carbonate 48,67 

chloride 88.34,36,48,67 

ferro-cyanide 38 

nitrate 15^45 

sulphate U,84,39;89 

sulphide 14 

sulpho-cyanide 38 

sulphur 13,89,68 

from  soda-waste 33,43,90 

chloride 89 

sulphuric  acid 9, 15, 84, 36. 43. 45, 54, 68;  90 

fuming  (Nordhansen) 2* 

anhydride 24, 88;  39 

thebaine,  hydrochlorate 129 

Termilion 129,130 

zinc 38 

production  and  consumption- 
alum W 

bromine 80 

chlorine,  bleaching  powder 68 

iodine 89,90 

lime ? - 88 

limestone 88 

manganese,  peroxide 88 

ozokerit 71 

potash,  chlorate W 

potassium,  bromide W 

chloride 90 

iodide 90 

pyrites 9,88 

salt 88 

soda 27, 49;  60,88.90 

soda,  nitrate 68 

sulphuric  acid • 

used  in  preparation  of  fertilizers • 

soda  and  other  manufactures ^ 

imports— 

boracic  acid— 

from  Italy •* 

borax— 

from  Asia  Minor * 

cod-Uyer  oU— 

ft^m  Norway 129, 148 

eucalyptus,  oil  of— 

from  Australia ^^ 

iron,  chromate— 

from  Siberia ^ 

manganese— 

from  Spain  ^ 
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Cbbmutbt  and  Phabmact^ 
importe— 

nitrate  of  soda 88 

from  Pern 27 

OMkefit— 

from  Austria •> "*- 

perftunery— 

from  France 116 

pyrites 88 

from  Portugal 13 

Spain : 13,96 

Weatphalia 15 

salt— 

from  Spain 96 

Bidtpeter - 88 

sulplinr ^ 

from  Spain M 

sulphuric  acid  residues — 

flrom  Germany *  13 

wines,  Madeira,  from  Portugal 150 

Port,  from  Portugal 150 

exports— 

alkaUes 82 

toAustria 73 

United  States M 

bleaching  powder- 
to  United  Stotes : 'jy 

soda 88,80 

to  Belgium 89 

France 77,89 

Germany 89 

Netherlands 80 

Russia 89 

UnitedStates   89.09 

operatives — 

number  employed,  in  soda  industry 88 

wages  in  soda  industry 88 

skflled  labor  superseded  by  machinery 82,86,80,89 

CiocKB  AVD  Watches— 

exhibit 405 

watches  not  maufactured  by  machinery 408, 400 

system  of  manufMtare 408 

imported  from  United  States 410 

Glass— 

chemical  apparatus- 
retorts  for  concentrating  sulphuric  acid 21 

replace  stone  ware  in  nitric  acid  manufacture 26 

materials — 

ommonia-eoda,  carbonate,  for  fine  qualiti«'H  of  crystal  and  plate 47 

Hachinebt  (including  tools,  implements,  appliances,  processes}— 

exhibit,  finest  in  Exposition 391 

accurate  workmanship  shown 391,396 

little  novelty  in     .     391,396 

chemioids— 

superior  apparatus  employed 87, 80 

chlorine  manufacturing  procosses— 

Deacon  &  Hurter 52,53,54,89 

Dunlop 53 

Weldon  (regenerating  oxide  of  manganese) 52, 53, 90 

model  of  apparatus  exhibited 90 

nitric  acid  manufacture — 

stone-ware  distilling  apparatus 26,27 

soda  industry 82-51 

numerous  inventions  of  apparatus  and  processes 82, 80 
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GRXAT  BRITAJN— ConUiiued. 
ICachikbrt— 
ohemlrnlw 

Boda  mduBtey— 

large  invMtmeiits  in S^8S 

ammonia  process — 

early  patents  of  methods 44 

Solvay's  (Belgian)  process  adopted 46 

erode,  from  sulphate 37-39 

Elliott  &  Russell 87 

Hargreaycsdt  Robinson 32;  38)  45 

Mactear 37,88;89;45 

sulphate  and  hydrochlorio  acid  apparatus— 

Hargreaves  St.  Robinson 32t84,85^36 

Jones  &  Walsh 33;34,K 

Cammack  dt  Walker 14 

snlphnric  acid  manufaotore— 

pyrites-bnmers -. 10, 13, 1 3 

Glover's  tower 13, 1«,  17-19 

yltriol  chambers   IS^H 

concentrating  apparatos 20-22 

pUtinam 20, 21, 25,64, 65^  06. 90, 91 

costof »,» 

glass 21,22 

engines- 
valve  moToments 368^383 

twin-cylinder  steam-engine :  Joseph  Bemays,  London,  exhibited 382, 383 

illustration  of 382* 

tree-felling  engine  (saw) :  Ransomes,  Sims,  Sl  Head,  Ipswich,  exhibited 333,384 

illustration  of 38r 

difTerential  compound  pumping  en;:inee 384 

hoisting  engines  and  machines  384 

traction  engines 384 

locomotives  (sea  Railway  Apparatus). 

hydraulic— 

for  testing  tensile  strength  of  metals 386 

accumulators 398 

pumps  --- 398 

riveters  for  boilers JW 

machine  tools — 

drills 396 

gauges 396 

gear-cutters,  dividing  apparatus 397 

lathes 396 

locomotive  repairing  tools 896 

measuring  machines 396 

milling  machines 397 

quick-return  motion  on  shaping  machines 394 

screw-cutters 896 

small  tools 386 

surface  plates 396 

metal-working— 
iron — 

smelting,  recent  improvements 211 

platinum — 

"autogenous  soldering"  by  oxyhydrogen  blowpipe ^ 

pyrites  residues,  extraction  of  silver  iVom ]3,liS35 

Oibb  ^  Oiltharp's  furnace W 

used  in  iron  smelting 239 

silver- 
Luce  ^Rosan  (French)  concentrating  process 1^ 

paper-working— 

printing  presses ^ 

type  composing  and  distributing  macLlne 393 

stone-dressing  machines:  Brunton  &.  Trior,  London 396-400 

iUustrations  of 300»,400»,401*,40r 
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GBBAT  BBITAIN-Contiiiaed. 
Uachikbbt— 

iratch-making  machinery — 

not  employed 408 

diflbelieyed  in 409 

liKTAL-woRKlKG  (Me,  oUo,  Machinery:  metal-working,  aboveh- 
alnmininm— 

exhibits 6^07,85 

chemical  balances,  optical  instnunenta,  etc 86 

alloy  with  nickel 85 

silver 8S 

copper- 
extracted  from  pyrites  residues 13,14,100,203,204,205,306^207,209 

silver  extracted  from  ores  of 208,209 

parts  of  locomotives 444 

gold- 
contained  in  pyrites  residues ^. 13 

used  as  solder  for  platinum 65 

iridium  (fM  platinum,  belovo). 
iron — 

pyrites  residues  used  in  smelting 199, 207 

lead- 
silver  extracted  fh>m  ores  208;  209 

nickel — 

aUoy  with  aluminium 85 

manufacture 271 

ftipiwiwm  (tee  platinum), 
palladinm  (see  platinum), 
platinum — 

metals  associated  with— 

iridium 66 

exhibit 65,66,91 

as  an  alloy  of  platinum 66,68 

mathematical  instruments,  weights,  measuzes,  etc 66,68,69 

colors  for  porcelain  decoration 60 

osmium 65 

exhibit 65,66,01 

pointing  pens,  suspension  points 69 

palladium 05 

exhibit 65,66;69,91 

power  of  absorbing  hydrogen 66, 69, 91 

points  of  pencils,  lancets,  etc 68 

mathematical  instruments,  etc 68 

rhodium * 66 

exhibit 66,66 

ruthenium 66 

exhibit 65,66,91 

exhibited 64,66,90,01 

msnnfaoturing  processes 64 

ftision 65 

autogenous  soldering  (by  oxyhydrogeu  blowpipe) 05, 66, 68 

coating  metallic,  ceramic,  and  glass  objects  with 07, 68 

apparatus  for  concentrating  sulphuric  acid 20, 21, 25, 64^  65, 66, 91 

asbestus  preparation,  sulphuric  acid  manufacture 24, 25 

genera]  chemical  apparatus 66 

odors  for  ceramic  decoration 67,68 

pyrites  residues- 
copper  extracted  fh>m 18,14,199,203,204,205,206,207,209 

gold  extracted  trma 18 

sUver  extracted  from 18, 14, 208, 209 

used  m  manufEicturing  Bessemer  steel 14 

iron-smelting  furnaces 199, 207 

rhodium  («m  plalinniu). 
rathenium  {$ee  platinum). 
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Mbtal-wobkixg — 
sUvep— 

extracted  from  copper  ores 2(K,200 

leadores 208,209 

pyritee 13,14.108,209 

alloy,  with  aluminium 85 

steel- 
replacing  iron  in  railway  material 420 

Bessemer — 

pyrites  residues  used  in  mannfiMJtoro  of 14 

low  cost  of 4S0 

parts  of  locomotives 448,444 

rails 457 

tin- 
plating  on  iron 202 

MDmfO  INDU6TBUES—  • 

reporton 104-S35 

exhibit    •• 1»4,1» 

little  novelty  in. 194, 1»5 

Uliberallty  of  exhibitors 104.195 

condition  of  the  industry- 
recent  prostration ^196 

review  of,  for  1860, 18«S  1870-'77 196-225 

extent  of  metal  trade 198,211 

market  prices  and  values 200,201 

flnctnations  in 196 

from  improved  processes 196, 197 

new  sources  of  supply 196 

industrial  prostration    196 

diminishing  supply 106 

new  applications 196 

in  LandoUf  the  standard 196 

of  clay 219 

coal 216^217,219 

copper 216^217.219 

gold 219 

iron,  pig 218^217,219 

lead 216^217,219 

salt    219 

sUver 218,217,219 

tin 216,217,219 

zinc 216,217,219 

processes— 

ooal-cutting ^^ 

copper — 

extraction  ftom  pyrites 197,203,204.205,207 

smelting 2® 

iron- 
smelting 195,211 

lead- 
smelting  205 

nickel-plating 196 

pyrites- 
iron  extraction  from  — 19Bt207 

copper  extraction  from 100, 203, 204, 20.\  207. 235 

sulphur,  etc.,  extraction  fix>m  («ee,  olfo,  Chemistry,  above) 9, 13, 206, 207 

silver,  extraction  from 207, 208^  209, 2S5 

silver — 

extraction  from  copper  ores    208;  209 

leadores 198,a08;209 

pyrites 207, 208;  209 

silver  ores 208;2fl8;210 

concentration  187 

steel-making,  Bessemer 19^18'' 

Siemens IK,^^' 
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ooiioeiitratiaii 199 

pLtte-makhig 202 

■melting 239 

zino— 

smelting 206,214 

prodnotion  and  consmnpUon— 

day 199,218,219 

ooal 171, 197, 20  \  201, 210, 211, 214. 215, 218, 217, 218, 220, 225 

uses  of 177,210 

in  ceramic,  glass  manufitctnre,  etc 210, 211 

chemical  mannftfcctnre 210, 211 

gas  mannfactnre 210,211 

honsehold  purposes 210,211 

metalliirgy 211 

ofoopper 211 

iron 210 

lead 210 

tin 210 

cino 210 

mining 210,211 

railways 210,211 

steam  nayigation 210, 211 

steam-power  in  factorfos 210, 211 

waterworks 210,211 

exported 210,211 

ooke 225 

oopper 197, 198, 201, 203-205. 206, 207, 208, 209, 213, 216. 217, 218, 210, 220, 222, 241 

pyrites 13,203,204,208,209,213 

galena 205 

gold 197,207,218,219 

graphite —         196 

iron 196,198,199,206,220 

bar :..        172 

oro 172 

pig 172,196,200,201,210,217,218,219 

Spiegel 206 

lead 172,197,198,205,209,213,214,210,217,218,210,220,223 

pyrites    0,199.208,207,214,218,220,224,235 

salt   199,218,219 

silver '■ 107,198,207-210,210.217,218,219 

Steel 172,196,206 

snlphor 200,207 

solphnroos  aoid 206,207 

sine 173, 198, 109, 206, 214, 216, 217, 218, 219, 220, 224, 306  note 

tin 190,198,202,203,212,214,216,217,218,219,220,221 

exports 201 

ooal 210,211,214,220,295 

toAlgeria 189 

Chili 215,225 

Denmark 225 

Egypt 225 

Fraaoe 177,214,225 

Germany 215,225 

India 215,223 

Italy 225,308 

Netherlands 225 

Fortagal 823 

Boasia 225,261 

Spain ..  225 

Sweden 225,263 

United  States 215,225 
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Hncnro  Industbha— 
exports— 

oopper 203t830 

toFranoe 175^222 

Gennaay 

India 213,: 

Italy 228 

iretherlaadB 282 

BoBHia 222,261 

United  States 213.232 

iron 214,220 

toBoBsia * 231 

lead 205^220 

to  China 205, 218;  223 

France 175,213,228 

Germany 213, 223 

India 223 

BoMia ; 213,214.223 

United  Statee 205,213.214.228 

pyritee 220 


toBnasia 261 

sUver 806 

steel- 
to  Boaaia  861 

tin - 280,221 

to  France 221 

G«nnany 221 

Bnasia 221 

Turkey 221 

United  States 221 

sino 214,2-:o,22l 

to  Australia 224 

Canada 224 

France 224 

India 234 

Turkey 284 

United  States 221 

imports 202 

oopper 203,205^220,228 

from  Australia 213,222 

SoUvla 222 

Canada v 222 

Cape  of  Good  Hope 213,; 

ChiU 213,: 

Cuba 228 

France 222 

South  Africa 222 

Spain 222 

Sweden 264,265 

gold— 

from  United  States 350 

iron 206,230 

ftmnAliceria 186 

Belgium 206 

Greece 339 

Westphalia ...         206 

lead 205b  209, 220 

fromAnatrBlia 223 

Belj^nm 323 

France 828 

Greece 209;  213.  ^28 

Italy 213,21S;28S 

Netherlands 228 
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fttmi  Puriii|^ 223 

Spain 200,218,228 

tTnited  States 205 

nickel— 

ftomNonraj 271 

pyrites  200,207,220 

from  Netherlands 234 

Norway 214,224 

Portagal 214,224,822-831 

Spain 214.224 

silTer 208,210 

from  United  States 8S0 


from  Westpbalia —         206 

tin 202,212,220,221 

fromAnstnliA 212,221 

Cape  of  Good  Hope 212 

ChlU 212,221 

Netherlands,  East  India  colonies 212,221 

Pern 212,221 

Portagal 212 

Spain 212 

Straits  Settlements 212,221 

■faio— 

from  Belgium 206,214,220,224 

France 224 

Germany 200,224 

Greeee 888 

Italy 224 

Netherlands  206,214,224 

Norway 224 

Sardinia 206,214 

SQesia 214 

Spain 214 

operatiYes— 

disoontent 194 


increase-- 

in  coal-mining 107 

dangers- 
explosions  184 

increased  cost  of  living 196 


coal  (SM,  olfo,  exports;  alto,  prices,  ab<n>§)^ 

nses  of  (SM,  alto,  prodnctlonaad  consnmption,  abo94) 210, 211 

increased  cost 197 

expedients  to  economize 200, 211 

worlcs  conducted  abroad— 

borate-mining  in  Asia  Minor      60 

Vulcano,  Italy 92 

pyrites-mining  in  Portngil  214, 822, 331 

&4ILWAT8  (indading  apparatus,  material,  fixtures,  etc) — 

exhibit 419,423 

showed  highest  type  of  European  construction 423 

extentof 420 

espital •. 429 

passengers  carried 429 

»«»ipts ^ 429,430 

from  passengers 420 

freight 429 

working  expenses 429 

cost  per  mile 430,455 
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Eailwats— 

speed  of  trainB 489 

operativeB,  number  per  mile » 4ZJ 

cool  coDBomed 210,211 

flxtareB,  peiTnancnt  way,  etc.— 

depots,  buildings,  etc 42 

zeoent  improvements 428 

durable  character 430 

fli|{Daling  apparatus 467,408 

Saxby  &.  Fazmer's  system 407,408 

used  by  PennsyWanla  Kidlroad 408 

locomotivos 443-445^451 

express  passenger  locomotive;  Sharp,  Stewart,  &  Co.,  Manchester,  exhibited.  .443, 444*,  445 

nanowgage 451-451 

saddle-tank  locomotives:  Black,  Hawthorn,  ^Co.,  Gateshead-upon-Tyne,  ex- 
hibited  445^450",  451 

locomotives  by  Falrlie  Sni;ino  and  Kolling-Stock  Company,  Bristol,  exhibited.  451-45t 

for  Yoaesuelan  Gk>vemment  railways 452*,403 

adopted  in  Anstralia 452 

Ireland.. 452 

Mexico 452 

Norway 482 

Peru 453 

Russia... 452 

Yenesnela 452,453 

"Wales 482,450 

advantagesof     455,454 

nanowgage 454,455-457 

nseftil  as  feeders  to  trunk  lines 451,455 

road  to  Dinros  slate  quarries,  "Wales 455-457 

equipment  of 455^460 

cost  per  mile 455 

receipts 45^460 

locomotives  («m,  olfo,  locomotives,  above) 452 

passenger  cars ** 

speed  of  trains *W 

brakes  on  trains — 

requirements  of,  stated  by  British  Board  of  Trade —        407 

"Westinghouse  air-brake 407 

ENGLAND  (see,  alio,  Birmingham,  Durham,  Newcastle, 

Blairstow,  Gateshead-upon-Tyne,  Newton, 

Bolton,  Ipswich,  Northwich, 

Bristol,  Kilbnm,  IluncoTn, 

Chester,  Leeds,  Sandbaok, 

Church,  Leicestei,  Widnes, 

'* Cleveland  District,"      London,  "Woolwich, 

Cornwall,  Manchester,  Yorkshire)— 

Devonshire,  "Middlesborongh  District," 

Mdoko  and  Mstalluroy— 

coal  deposlta 215 

price 2H217 

copper-smelting  283 

lead,  price 210,217 

pig-iron,  price  210  217 

pig-lead,  price 210,217 

tin- 
deposits  in  Cornwall  230^237,340 

Devonshire ^ 

price 2H217 

sine,  price 210,217 

IRELAND  (see,  also,  Cork,  Dublin)—  • 

CBKMIRTBT  AM)  Pharuact.* 
manufactures — 

chlorine * 

lime,  chloride ^ 
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IfiBLAND— 

Chxmibtbt  and  Phabmact— 
mannfactnrea— 

magnesia,  calcined 91 

carbonate 91 

Boda,  sulphate 80 

SCOTLAND  («0«,  alto,  Edinbui-gb.  Glasgow)^ 
Chbmibtbt  akd  Fbabkact-^ 
mannfacturea— 
acida — 

boracic 50 

citric 00,131 

opianic 130 

theobolactio 129 

I                                       alumina,  phoaphate 131 

bromine 90 

I                                        charcoal,  sea-weed 90 

chloricalcium  (disinfectant) 00 

chlorine,  bleaching  powders 53 

chloroform 130 

iodine,  from  kelp 55,56,00 

competition  from  South  America 55,56 

residues  utilized  as  a  deodorizer 56, 00 

manganese,  oxide,  regeneration  from  soda  waste 00 

opium 120 

preparations  of— 

alkaloid,  Fowne's  120 

apomorphine 129 

caiTeine 120 

codeine   120 

!                                                      cryptopine 129 

I                                                      di-,  tri-,  tetra  codeia 129 

■                                                     furfurine,  nitrate '. 120 

gnosoopine 129 

hydrocotamine 120 

meconine 129 

meoonoisino 129 

morphine  129 

narceine 120 

narcotlno 130 

nor-narcotlne 130 

opianicacid 130 

ozynarcotlno 129 

thebaine 120 

theobolactio  acid 120 

phosphorus 91 

potash,  chlorate 90 

prussiate 91 

potassium,  bromide 00 

chloride 00 

ioilide  00 

soda 80,00 

caustic 00 

phosphate 01,181 

stannato 01 

sulphite 01 

imports— 

boracic  acid  from  Asia  Minor 50 

MunNO  AKD  Mbtallubot— 

operatives,  wages  of 197,108 

increased  pi  ice  of  living 108 

pig-iron,  price 216,217 

bog-head  coal  deposits 244 
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WALES  («M,  aUOy  Binney  Qaarr>\  Dinioa,  Festmio;;,  Port  Madoo,  Swanaeft) — 
Cheiostbt  axd  Phakmact— 

ozokerit  deposits. 71 

MiNINO  AND  MBTALLUBOT— 

coal  deposits 315 

iis(mI  on  railways  in  India 242 

C{)pper  smeltinj; 315 

pig-iron,  price 218,217 

zinO'Smelting 338 

Railwatb— 

narrow-gage  road  to  Dinros  slate  quarries 455-457 

oqnipmcDtof 455,456 

cost  per  mile 4J5 

receipts  455,456 

locomotives 4J^456 

passenger  cars  456 

speed  of  trains 456 

COLONIES— 

AITSTBALIA.  (see,  alto,  Avoca^  Gnlgong,  Stroud, 

Ballarat,  Lithgow  Valley,  Talbot^ 

Bowenfels,  Melbourne,  Tallawang, 

Burra,  Moonta,  Yaloof  Clwydd, 

Gape  Faterson,  Newcastle,  Wallaroo, 

Cudgegong,  8]^dney,  Wallerawang)— 

Eskbaok, 

CHEmSTBT  AND  PHARMACT— 

eucal>i>tas  preparations  (»M,  alto,  Forestry,  belotp) 128)134,135 

kerosene-shale  illuminating  oil 244 

exports- 
essential  oils  of  eucalyptus  to  Great  Britain 135 

FORESTET— 

eucalyptus- 
exhibit  of 128 

properties  of  («M,  a2co,  Chemistry) 134,135 

transplanted  to  Algeria 126,134 

Capo  of  Good  Hopo 134 

Cuba 133 

Italy 134 

Spain 134 

Machinebt  (Including  tools,  Implements,  appliances,  processes)— 
metal-working— 

pyrites 235 

tin- 

roTerberatory  smelting  furnaces 239 

mining- 
no  exhibit  of 285 

gold-washing,  cradles,  pans,  etc 235 

tin-washing,  j igs,  sluices 239 

HXNINO  INDU8TBIE&— 

report  on 22M46 

exhibit 2» 

mining  appliances  not  shown  :*.  Si6-835 

geography  of  t he  i  sland .' 227 

politic  :1  divisions  {see  individual  colonies  ,belo%o). 

want  of  co-operation  between 2K> 

geology  and  mineralogy 227-231,236,237 

variety  of  minerals  .. ^ 228,229 

antimony- 
yield M5 

coal 241-344 

occurrence 241.243;a43 

ana  of  deposits 241,242,243 

quality 242,243 

yield 2a«3 
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COLONIES- 

AUSTBALIA— 

MiKiHO  Twirnfmrnrn 

▼arietlM  of  minends— 

oopper 289-241 

oconrrenoe 239;  2M 

yield 230,240,241 

gold 229-486 

oceunenoe ^ 220,230,231 

quality 281 

diaooretyof 231,232 

discouraged  end  concealed  by  Ihe  New  Sonih  Wales  Goyeniment. .         231 

area  of  deposits 232 

yield 232,233,234 

kerosene  shale,  boff-liead  mineral   248,244t24& 

oocorrenoe 244 

analysis  of  244 

oafrom 243,244 

yield 248,244 

qoallty 244 

used  in  gas-making 244 

yield 244,245 

lead 245 

■lea 245 

neglected 245 

pyrites— 

treatment  hitherto  nnaaocessftil 235 

qnioksUver,  cinnabar 245,246 

allT«f 285,235 

little  attention  given  to : 235 

occurrence 235 

yidd 236 

tin 236-239 

oooanence 236;  237 

area  of  deposits 287 

discorexyof 237,288 

yield 287,288,289 

proceases,  appUanoes,  machinery— 
ooppei^ 

smelting 240- 

gold— 

quartz-crashing 282,285 

hydraulic  mining,  water  insufficient 235 

puddling 285 

oradleSipaDS 285 

tin- 
smelting  in  reverberatory  ftirnacea  202,212,288^280 

washing  in  flulces  and  Jigs 230 

difficulties  from  want  of  water 229,286^239 

writings  on  Australian  mineral  resources 226 

referred  to  (sm  UH  under  Mining  Industries), 
production  and  consumption- 
antimony  229,245 

cinnabar 245^246 

coal 228,220,241-244 

bog-head 220,244,245 

kerosene  shale 229,243,244,245 

on - 243,244,245 

copper 218,228,237,230-241 

diamonds 220 

gold 228,229-285,236,241,245 

iron 220,246 

lead 220,245 

pyrites 280,285^287 
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GREAT  BRITAIN— Continued. 
COLONIES— 

ATTSTRALIA— 

MUOKa  IKDDSTRIS8— 

production  and  oonaumption— 

quicksilver 229^245»246 

sapphires 237 

silver 228,284,235,236 

tin 198,108,202,212,228,236-239.340 

czi>ort8— 

bog-head  coal,  keroseno  shale 244 

copper 239,240,241 

to  Great  Britain 213,222 

lead- 
to  Great  Britain 223 

tin- 
to  Great  Britain  212,221 

imports- 
sine— 

from  Great  Britain ^.^ 224 

NEW  SOOTH  WALES— 

situation  of 227 

Chxmibtbt  akd  Pharmacy— 

arrowroot .......*............ 132 

cider 132 

glue 132 

koroaene-shale  illnminating  oil    244 

mineral  waters 132 

vinegar 132 

wine 132 

MnONO  INDUBTBIBS— 

exhibit 226 

varied  mineral  resources 226 

geological  formation 227,328.230 

products- 
antimony  245 

coal 241-245 

area  242 

quality 242 

used  on  railways  in  India    242 

tested  at  Royal  Arsenal,  Woolwich,  England 242 

yield 242,243 

price 242,243 

kerosene  shale,  bog-head 243,244 

yield 243,245 

area 244 

used  in  gas-making 244 

analysis  of  244 

oil  from 243,244 

copper 240 

gold 230,231 

fineness  of 231 

discovery  of,  concealed,  on  account  of  the  penal  colony 231 

area  of  deposits 232 

yield 232,233,234 

quai'tz-stamping  mills 235 

lead 245 

area » 245 

quicksQ  ver,  cinnabar 245, 246 

«ilver 238 

tin ...236.237,238 

area  of  deposits /. 287 

yield 238 

'QUEENSLAND— 

situation -of 227 
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COLONIES- 
AUSTRALIA— 

QT7EBNSLAND— 

Chemibtrt  akd  Pharmact— 

annatto 138 

arrowroot 138 

cateobn  from  the  acacia  decnrrena 128 

cinnamic  acid 188 

gelaemintun 138 

gnms — 

acariodes 138 

banya-bnnya 133 

lime  Juice 183 

oil  of  lemon 133 

orange 133 

pituri 133 

oourage-compellinjE  qualities 133 

medicinal  and  chemical  proi>ertieB 1 33 

quassia 188 

senna 138 

tannin 128 

tapioca 183 

▼erbena  essence 183 

FOBI^BT— 

acacia  deourrena,  bark  of,  furulshes  tannin 128 

MraiKO  iNDUBTSIXe— 

exhibit 226 

geological  formation 227, 228, 230, 24 1 

products— 

cinnabar 245 

coal 241,242 

copper 240 

gold 280 

area  of,  deposits 282 

yield 282,288,284 

silver,  unimportant 286- 

tin 287,288 

area  of  deposits 287 

yield 288 

SOUTH  AUSTRALIA— 

situation  of 227 

CHKMISTItT  AXD  PRABMACT— 

eucalyptus  preparations 138, 184, 185 

olive  oil 188- 

wines 183 

FOBBSTBr— 

eucalyptus  183, 184, 135- 

mimosa  bark,  for  tanning 138 

sandalwood 133 

MiXINO  Indubt&ixs— 

exhibit  226 

geological  formation 227, 228, 241 

mineral  deposits 228 

copper 228,280,240' 

gold,  unimportant 288 

lead 245- 

VICTORIA— 

situation  of 227 

CHBMISTRT  AMD  PHABUACT— 

arrowroot 132 

disinfectant  preparations 131 

eucalyptus  preparations 131,132 

malt  liquors 182 

mineral  waters 132 

perftune  fi*om  the  acacia  pycnantha 128 

whisky 182 


580  INDEX. 


GREAT  BRXTAIN^GoBtlnfwd.  Pmgeu 

COLONIBS- 

AUSTRALIA— 
VICTOBIA— 

MnriKo  TrmTfimrran 

exhibit 226 

geologioal  formation 2X^f90,ML 

prodnots— 

aotixnony 245 

smelUng  works 245 

coal, not  workable 241,242 

kerosene  shalee,  bog*bead 244 

copper ; 240 

gdd 120,281,241 

fineness  of 231,235 

airea  ol^  deposits 232 

yield 282,288>224 

lead 245 

silver 28i 

tin 287 

yield 238 

WEST  AUSTBALIA— 

Chskibtrt  akd  Phabmact— 

encalyptns  preparations ' 183,184,185 

FOEBSTRT— 

encalyptns 188 

varied  properties  of 188-185 

CANADA  (MS,  olfo,  Brookville,  London,  Montreal,  Toronto)— 
Gbbmutbt  and  Phabmact— 
adds— 

bydroohlorio 77 

nitric 77 

snlphnxlo 77 

dnig8,crude 112,128 

extracts,  vegetable 112 

potash 77 

exports— 

pearlash j 29 

Hnmro  Iicdustbibs— 

exports,  copper  to  Great  Britsin 222 

imports,  zinc  from  Groat  Britain 224 

gold  (MS  British  Columbia,  bdow). 
BRITISH  COLUMBIA— 

MXMINO  IXOUBTBIBS— 

gold  and  silver— 

prodnction 347,849,858,354,356 

depends  on  water  supply 856 

export  to  the  United  States 347,348 

NBWFOUNDLAND- 

cod-ilshery 143 

CAPE  OF  GOOD  HOPE— 

CHKIOSTRT  AlTD  PRARa£ACr— 

aloes 182 

bncha 182 

spirits 132 

wines 182 

FOBBSTBT— 

malarial  fevers  dispelled  by  planting  the  encalyptns  globnlns 184 

HnnKa  Indubtbies— 
copper- 
exported  to  Great  Britain 213^222 

tin- 
exported  to  Great  Britain 212 

CEYLON^— 

Crbmibtby  and  Prarmact— 
prodncts— 

areca,  or  betel  nnt 182 
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GBSAT  BRITAIN— Contlnned. 
COLONIES- 
CEYLON— 

Chkmistbt  axv  Phabmaot— 
produots— 

oardamon 128 

oinohona  bark 1:28,182 

ohmamom 128, 132 

oil  of  oitroneUa 182 

ooooa-nat 132 

dlhada 182 

kekvna 182 

lioiniu 132 

TaniUa 128 

TltiTort 128 

areoa»  betel  nat 132 

oinnamon  bark 132.' 

coooa-nnt  oil 132 

plumbago 132 

POBBSTBT— 

oinohona  from  Ecuador  acclimated  in 137 

0T7IANA— 

CBBMUTBT  AMD  PHABKAOT— 

arrowroot 132 

balata  (Tariety  of  gntta-peroha  from  the  "bnllytroe") 128,181 

properties  of 181,182 

bay-mm 131 

castor  oH 181 

cocoa-nut  oil 181 

copaiba 128,181 

ilah-ii^ae 181 

honey , 181 

oil  of  onodaphne  opifera  (solvent  of  india-rabber) 128 

pepper 131 

ricinus  communis,  seeds ^ 181 

rum 182 

tonqua  beans 128 

wourali  poison 128,131 

INDIA  (SM,  olfo,  Coorg,  NeJlgherry  mils,  TraTancore, 

Bodabetta  Peak,  Pnlney  Hills,  Wynaad)— 

Neddivattum,  Rungbee, 

Chsmistbt  and  Phabmact— 

cardamom 128 

castoroU 142 

cinchona  (M0,  alto.  Forestry,  Mow) 128,138 

preparations  of— 

amorphous  alkaloids 189 

cinchonidine 138 

cinchonine 139 

qulnetum 139 

quinidine 189 

quinine 139 

processes  of  manuflMture 189 

exports  to  England 189,140 

dxmamon 128 

medicinal  woods 135 

saltpeter 28 

vanilla 128 

Tctivert 128 

FOBISTHT- 

sunflower  grown  as  a  preventive  of  malaria 185 

exhibit  of  woods  for  dyeing,  tanning,  medicinal  purposes 185,186 

cinchona  tree- 
exhibit  of  bark 186 
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GKEAT  BBITAIN-Contiiiaed. 
COLONIES- 
INDIA— 

FOBKBTBT— 

oinohona  tree- 
its  iMtolimation  and  caltivatioii,  report  on,  by  Dr.  G.  G.  M.  Birdwood,  quoted  136-140 

transplanted  firom  Bolivia 137,138 

Colombia 137,138 

Ecuador 137,138 

Peru 137,138 

i  products  of  («M  Chemistry,  above). 

Mining  Indu8tbik&— 
imports- 
coal  &om  Great  Britain :.215, 825^242 

New  South  Wales  Australia 242 

j                                                                                            burned  on  railways 242 

copper  from  Great  Britain 213,222 

lead  from  Great  Britain 223 

zinc  from  Great  Britain 214,224 

JAMAICA— 

Cheubtbt  and  Phabmact— 

beeswax 131 

castoroil 131 

cocoa-nutoil 131 

dye-woods 131 

extracts  of  acacia  catechu 131 

eucalyptus  globulus  ■ 131 

haematoxylon  campechiannm 131 

oils,  essential— 

eucalyptus 131 

Juniper,  Barbadoes 131 

lemon 181 

nard 131 

orange,  Seville 131 

pimento 131 

oil  of  anacardium  oocidentale 131 

moringa  pterygosperma 131 

MAURITIUS— 

Chbiostbt  and  Phabmaot— 

arrowroot  132 

nutmeg 132 

tapioca 132 

vanilla 60,132,141 

NEW  ZEALAND  (iss,  alio,  Cape  Coronuuidel,  Otago,  Tuapeka, 

Nelson,  Thames,  West  Land)— 

MiNINO  IKDUSTBIBS— 

noexhibitof 232 

little  developed 226 

geological  formation 228,230,233,243 

products- 
cinnabar,  quicksilver 245 

coal 243 

quality 244 

gold 230,231,283 

hydraulic  washing 833 

production 234 

SEYCHELLES  ABCHIPELAGO— 
Chicmistbt  and  Phabmact— 

!                                                                 cinnamon 133 

I                                                               cocoa-nutoU 132 

I                                                             lemonjuice 132 

pepper 132 

rum 132 

ylaag-ylaog 182 
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GRSAT  BSTTAIN— Contfx&iied. 
COLONIES- 

STBAITS  SETTLEMENTS  (iM,  aito,  Ifalacca,  Peniuig,  Singapore,  Wellesley)— 

CfOEMIBTRT  AND  PHABMACT— 

eaaenoes  of  cinnamon ; 132 

cloves 132 

nutmeg 132 

patohonly 132 

essential  oils 132 

gambler 182 

gutta-percha • 132 

indiai-ubber 132 

mace 132 

medicinal  herbs,  Malayan,  76  varieties 132 

nutmegs 182 

pepper 132 

sago 132 

tapioca 132 

MlKINO  iKDUBTRIBfr— 

tin 212 

exported  to  Great  Britain 212,221 

smelted  by  natives  and  Chinese 212 

MALACCA— 

MJKINO  iKDUBTBOa— 

location  of  deposits,  geological  occurrence 280^840 

tin 212 

smelted  b}*  Chinese  operatives 212, 8M 

TASMANIA- 
MINING  INDUSTBIKS— 
products — 

coal 2U 

gold 238 

GREECE  (M0,  eUto,  Anaryssos,  Leucade,  Serephoe, 

Camaresa,  Miloe.  Syra, 

Corfu,  Missolonghi,  Tbermlssla^ 

Domtrtoe,  Morea,  Zante, 

Lamia,  Nazos,  Z6phyria)— 

Lanrium,  Phthiotida, 

Chjbiobtbt  and  Phabhact— 

exhibit 01,1C« 

products- 
alum 01 

salt 01 

sulphur 01 

Machuixuy  (including  tools,  implements,  appliances,  processes) — 
metal-working — 

furnaces,  remains  of  ancient,  at  Lanrium 885 

modem,  Pilz  smelting 838 

mining- 
want  of^  by  the  ancient  Greeks 338 

tools  used  by  the  ancient  Greeks. 384 

ooncen  trating  apparatus  of  the  ancients 38S 

exhibit  of 889 

we^resslng  apparatus,  modem 888 

HDmro  Lhdubtiiibs— 

report  on 832-830 

exhibits      832,889 

goolo;rical  formation 832,833 

location  of  minerals 883,834 

ancientmines 382 

peculiar  interest  of 832 

arcluoological  remains .* 382, 839 

methods  of  working,  processes,  appliances,  etc 832,883-336 

tools 882,384 

hoisting  gear,  windlass  and  pulley 384 
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C^BEBCB— Gontinned. 

MiNINO  iNDUBTBIIft— 

ancient  mines-* 

methods  of  working,  prooesses,  ftppUanoes,  etc.— 

treatment  of  ores ^....^^ 312 

shafts 834,»f 

transportation  by  daves 8M 

water,  carried  away  by  slaves 384 

storage  reservoirs 885 

oonoentratins  apparatos 835 

smelting  fnmaces 38S 

wood  and  charcoal  used  in 885 

silver  refining S85 

abandoned  daring  Peloponnesian  war 336 

worked  by  the  Romans 838 

amonntof  work  aocomplisbed 336 

slave  labor  employed 88^336 

modem  enterprises 832,836-338 

date  from  mining  laws  of  1861 336^337 

obstacles  to— 

ignorance  of  the  Greek  people 337 

rapacity  of  Greek  oi&cials 337 

maladministration 338 

oollapso  of  earlier  mining  companies 337 

intervention  of  foreign  governments 837 

tm  proved  condition  of  the  Indnstry 887-839 

prodacts— 

oalamini^ .       838 

iron 839 

lead 338 

ore-dressing  establishments 33S 

smelting  works 838 

desilverized  in  England 209a»dMtf 

lignite 339 

snlphnr 839 

zinc _ ,  300,339 

production  and  consumption— 

adamite 334 

arsenic 338 

coal 339 

lignite 337,339 

calamine 838 

chromium 337 

copper 333»837,338,33» 

galena 883»334 

gold 333 

iron 337,3381339 

pyrites 333 

lead 172  n«f«,2o9  and  nof«,  223, 333, 335, 336^837, 338 

litharge 335 

manganese 837 

nickel 338 

pyrites 333 

silver 333,885^838 

sulphur 337,338^339 

zinc 309,330,334-338 

exports- 
iron— 

to  Great  Britain ^ 

lead- 
to  Groat  Britain 2(«|213,2a 

zinc—  ^^ 

to  Belgium 

Great  Britain w 

imports- 
coal  and  coke— 

from  Great  Britain ** 
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GTeenliud  (tie  Denmark:  ooloDles). 
GrefVeDAs  (Norway)— 

monamental  granlto ~.«^ 

OreTenberg  (Germany) — 
ohemical  induatry — 

aoda 

Groha,  F.  A.  (Vienna,  Anatria),  bougies,  peasarlea,  etc.,  of  gelatine 
Groot  (fM  De  Groot). 

Grtlneberg  &,  Fonter,  Boda>Tnannfftctaring  proceas 

Gnarda,  Lago  di  (Italy)— 
mining  indnstry— 

dolomite — — 

Gnadeloupe  (fM  France:  colonies). 
GTJATSMALA— 

Chemistbt  and  Phaiimact— 

exhibit - 

producta— 

alom 

ambrotte 

beeswax 


288 


4«,47 
108,100 

51 


94 


cacao 

caoatohotto  wax  «. 

caacarillft 

castor  oil,  illuminating 
medicinal... 

cochineal 

cocoa-nut  oil 

copal 

oopalche  bark 

corozooil 

divi-divi 


guaco  

gums 

indigo 

lead,  white  

liquidamber  resin 

saltpeter 

sarsaparilla ■ 

suet,  regetable 

▼anilla 

Guiana,  British  («m  Great  Britain :  colonies). 
Guiana^  Dutch  ($m  Ketherlands :  colonies). 
Guianftk  French  («m  France:  colonies). 
Guipuzcosi  province  of  (Spain)— 
mining  industry- 
lignite  - 

Gulgong  (New  South  Wales,  Australi*)- 
mining  industry- 
coal  deposits  

gold  deposits 

Gunpowder  (f 00 Mining:  explosives). 

Guyot-Lupold,  A.  (Ecreuses-Loole,  Switscrland),  diamantino,  powder  of  rubies,  artifloial  black 
diamonds  for  drilling  rock 


07,1M 

97 
IM 
154 
154 
154 
154 
154 
154 
164 
154 
154 
154 
154 
154 
154 
154 
154 

97 
154 

97 
154 
154 
154 


814 


220 
229 


156 


Haanuann  (Berlin,  Grermany),  investigation  of  coniferin,  process  of  making  artificial  vanilla ...  70 

Haaa  &  Bosenfeld  ((skiya^  Moravia,  Austria),  essences,  essential  oils 110, 120 

experimenta  with  bisulphide  of  carbon 110 

uso  of  artificial  vanillfaie 120 

HAgemann  &  Jdrgensen  (Copenhagen,  Denmark),  soda  from  cryolite 77 

Hagstoz  &  Thorpe  (PhilBdelphia,Pa.),  exhibit  of  watch  cases 405 

bronze  medal  awarded 403 

Hague,  The  (Netherlands)- 

ohemical  indnstry 140 

quinetum 189,140 

Haoub,  Jamu  D.,  Additkmal  Commissioner-- 

BBPOBT  OS  "MDOHO  IXOUSTBIU'* .........^ ..»..•... ^ ^ 168-362 
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nahxifll.,  method  of  obtaining  bromine ^  55 

Hainaut  (Belgium) — 
mining  indostry — 

coal 274 

Halo  ^Parshall  (Lyons,  N.Y.),  eB^nlialoils 159 

Hall,  Julius  (London,  En(;land),  moobino  for  milliDg  square  holes  in  wood  or  metal 396^  397 

Hammam  (Constantino,  Algeria; — 
mining  industry — 

calamine 2St 

Hanart-Jonas,  £.  A.  ( Anzin,  France),  oil  of  peppermint 116 

Hance  Bros.  At  Whito  ( Philadelphia,  Pa.),  general  chemicals,  camphor,  berberine 99, 100 

pharmaceutical  preparations,  extracts,  sugar-coated 

pills 157,168 

monu'bromlde  of  camphor,  nitrate  of  amyl,  eto 161 

Hardy,  Dr.  (Paris,  Fiance)— 

investigation  of  poisonous  properties  of  crvthrophleine  from  sassy  bark  of  West  Africa. ...       125 

bark  of  the  ici\)a 125 

Hargreavcs,  E.  H.,  pioneer  gold  miner  in  Australia 2S2 

Hargreavcs  &,  Robinson  ( Widucs,  England),  process  of  manufacturing  sulphate  of  soda 32, 34, 35, 86, 

38.45^69, 60 

apparatus  for,  exhibited 90 

Haro  (Spain)— 

chemical  industry — 

cream  of  tartar 96 

Harrison  (England),  ammonia-soda,  manufacturing  process 44 

Hartogh&Co  (Amsterdam,  Netherlands),  bisulphateof  carbon 93 

Haaendover  Sc  Helbig  (StoUberg,  (xermanj)— 

furnace  for  burning  pyrites  12 

utilizing  sulphur  in  zinc  blende 13 

process  of  manufacturing  chlorine 54 

Hathom,  Davis,  &  Davey  (Ix^eds,  England),  di£forential  compound  pumping  engines 384 

Hauthaway,  C.  L.,  &  Sons  (Boston,  Hass.),  blacking  and  lei^er  dressing 160 

Hantmont  (France)— 
chemical  industry — 

acid,  hydrochloric 80 

sulphuric 80 

chloride  of  lime 80 

phosphates £0 

soda eo 

sulphur 80 

superphosphates 80 

Hay,  Sur  Hector  (England),  estimate  of  British  silver  production 810 

HAYTI— 

CUEMISTBY  ANU  PUAHMACY— 

exhibit 155 

products— 

annotto  155 

beeswax 155 

cinchona 155 

curcuma 166 

orange  peel    155 

t  ree  bark 155 

palma  christi  oil  (illuminating) 155 

rhubarb 155 

saffron 155 

vitivert : 155 

Heilmann,  Dr.  (Rouen,  France),  theory  of  use  of  thao  as  dressing  for  textile  fabrics 127 

Holain  &  Co.  (Paris,  France),  assorted  drugs 118 

Hemming  (England),  nmmonia-soda  manufacturing  pi-ocess 44 

Henderson  (England),  copper  extraction  from  pyrites 207 

Henninger,  Dr.  (Paris,  France),  investigations  and  Ihcory  of  peptones 123, 123 

Hcnrickst-n,  J.  H.  (Tpomsd,  Norway),  cod-liver  oil 146 

Herland,  process  of  extracting  salts  from  kelp 29^  66 

Hermann-Lachapclle,  J.  (Paris,  France),  horizontal  compound  condeotiBg  steam*engine 878-380 

perspective  view 
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Page. 
Hernal  (Lower  AnstriA)— 

railway  apparatus  maimfactttred— 

Areightcars 428 

passenger  cars  : 428 

Hewett,  method  of  regenerating  solphnr  from  soda  waste 43 

Hodgson  (London,  England),  designer  cf  railway  signaling  system,  manufactured  by  Sazby  Sc 

Farmer,  London 468 

Hoifinann,  C.  (Paris,  France),  general  chemicals,  bismuth,  glucose,  dambonite,  mannite,  leucine, 

tyrosine,  erythrite,  alizarine,  etc 118,119 

export  tannin  to  Russia 119 

alkaloids,  synthetical  organic  products 119 

Hofinan  (Germany),  circular  kiln  for  burning  pyrites 10 

improvement  of  Malctra's  Pcrret  f amace 12 

Hofinann,  A.  W.  (Berlin,  Gei-many),  report  on  chemical  industries  at  London  Exhibition,  1862.  29 

description  of  extraction  of  potassium  salts  from  saint  of  raw  wool 29 

chlorine  manu&cturing  process 53 

Hofinann,  P.  W.  (Ludwigshofen,  Germany),  experiments  on  residues  of  Meggen  pyrites 15 

Hogttnils  (Sweden)— 
mining  industry — 

coal 263 

HoiBting  machinery  {9€*  Machinery:  mining). 
HoIlAnd  (MS Netherlands). 
Holonbkau  (Bohemia,  Austria) — 

railway  apparatus  manufactured— 

freight  cars 428 

passenger  cars  428 

Honigmonn,  Moritz  (Grevenberg,  Germany),  ammonl^soda. manufacture 46, 47 

Hops  (M0  Agriculture;  al$o,  Chemistry:  products). 

Horn  (Sweden),  peat-working  machine 264 

Horology  (see  Clocks  and  Watches). 

Horowitz  (M. )  &  Ca  (Brunn  and  Yit-nna,  Austria),  essential  oils,  ether,  tinctures,  malt 110 

Hotchkiss,  n.  G.  (Lyons,  N.  T.),  oil  of  peppermint 159 

Hotchkiss,  L.  B.  (Phelpa,  N.  T.),  oil  of  peppermint 150 

Hottot  &Co.  (Paris,  France),  pepsin 121 

Houghton,  E.  F.  (Philadelphia,  Pa.),  cosmoline  from  petroleum 161 

cosmolubric,  lubricant  and  anti-incmstator 162 

HmiUle^  coal  so  called  in  Belgium  after  its  discoverer  (HuUos,  1198)  276 

Houssois  (Belgium)— 
mining  indnt»try — 

iron  279 

Howard,  assinted  in  introducing  cinchona  cultivation  in  India' 137 

Hoyt(J.B)  &Co.  (New  York  City),  leather  belting 401 

Hrastning  (Austria) — 
chemical  industry — 

soda - 78 

Hruschau  (Silesia,  Austria)— 
chemical  industry — 

sulphuric  acid .^.^......«....«....^ 73 

Hudson  Bay  (ses  Great  Britain:  colonics:  Canada). 
Huelva  (Spain)— 
mining  industry — 

C4)pper 818,314 

HuUos,  discovered  coal  in  Belgium  (1198) 276 

Hungarian  State  Bailwa3's,  locomotive 441,442 

illustraUon 442* 

Hungary  (tee  Austria-Hungary). 

Hunt,  R.,  his  "  Mineral  Statistics  of  the  United  Kingdom  "  (annual  seiies)  cited. .  196, 198  note,  200  and 

note,  203  and  note,  204  and  note,  205, 207, 208, 210  and  note,  211, 212, 213, 214, 218  note,  344 

Hurlct  So  Campsle  Alum  Company  (Glasgow,  Scotland),  prussiate  of  potash 91 

Hurter,  writings  on  Glover's  Tower 17,18 

bleaching  powder 44 

Hurtt  ( F.  W. )  &,  Bros.  (New  York  City),  chemicals,  perfumes,  toilet  arUdes 160 

Hnssowitz  (Moravia,  Austria)— 
chemical  industry- 
essential  oils  , «...•.....  ..^.^M — HO 
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Hatinet,  D.  (Faiifi  France),  8lx*color  printiiig  machine 883 

Hutter,  Alfiied  (Hontpellier,  France),  method  of  preparing  sulphate  of  ■inmininm u 

Hatter  (Alfred)  &  Co.  (Montpellier,  France),  snlphate  of  aluminiom  prepared  from  l»aiizite  by 

Hatter*8  method 8t 

Hay  (Belgium)— 
mining  indastry— 

coal 376 

iron 279 

Hydraolio  Engineering  Company  (Cheater.  England),  hydraulic  machinery S8B 

lakoutak,  Government  of  (Siberia,  Roaaia) — 
mining  induatry —  ^ 

gold 240 

iron 257 

Ice  made  by  sulphurous  anhydride  (Pictet'a  proceaa) 25 

Idaho  (tee  United  States). 
Idria  (Camiola,  Austria)— 

geological  formation 801,  SM 

mining  industry 80I-30i 

cinnabar 30S;8M 

d  isooverd  eire.  14  90 801 

method  of  mining ,..         308 

extracting  quioksilTer 802^803 

furnaces 303 

annual  production 302,803,804 

vermilion  manufaotnred  from 304 

operatives,  provisions  for  the  welfare  of 304 

lAnisseiisk,  Government  of  (Siberia,  Russia) — 
mining  industry- 
gold 248 

iron 257 

Igl6sias  District  (Sardinia,  Itajy)— 
mining  industry — 

calamine « • 287 

Illinois  (tee  United  States). 

"Illustrated  London  News "  (English  Journal)  printed  in  the  Exposition 398 

Imhof,  Louis  ( Aarau,  Switzerland; ,  coloring  materials  for  confectionery 156 

Imperial  Botanical  Garden,  Saint  Petersburg  (Russia),  vegetable  pharmaoentioal  productions. .         150 

Imperial  Department  of  Agriculture  (Vienna,  Austria),  uranium  salts 75 

Imperial  Department  of  Mines  (Vienna,  Austria),  mercury,  cinnabar,  salts  of  uranium  and  of 

vanadium 75 

lucardonoy  Lorenzo  (Caltanissetta»  Italy),  pharmaceutical  preparations,  quinine,  magnesia 142 

Iu(lLi  {see  Great  Britain :  colonies). 

Indian  possessions,  French  (tee  France:  colonies). 

Indian  Territory  (tee  United  States). 

Indiana  (tee  United  States). 

' '  Industrial  Progress  of  New  South  Wales  **  (governmental  publicat ion)  cited 238 

Ingersoll  boring  apparatus  for  prospecting  for  ores 206 

Ingram,  W.  J.  (England),  Inventor  of  continuous  rotary  printing  press,  used  in  printing  "The 

Illustrated  London  News  "  in  the  Exposition 386 

Interchangeable  parts  of  rifles,  watches,  etc.,  produced  by  American  system  of  machine-manu- 
facture  406,400 

INTERNATIONAL  EXHIBITIONS— 

progressive  development  aince  1851 3 

influenoo  on  chemical  industry  3,4 

products,  prices 3,4 

quality 3,4 

novelties 4 

maohino-manu£pu^ure  of  watohea 41i,  415 

need  of  intelligent  custodians  of  exhibits  6^7 

dreaded  by  some  manuflkctuTers  as  productive  of  competition lOltlK 

OF  Pabib,  185i>— 

chemical  exliibit — 

platinum  apparatoa 89 
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Page. 
INTEBKATIONAL  BXHIBITIOHS- 
or  LOKDON,  1862— 
chemical  exhibit- 
report  on,  by  A.  TV.  Hofinanxif  referred  to 29 

platinam  appaxatns 66,66 

OF  PABia,  1867— 

honorable  mention  made  of  employers  proriding  fbr  the  weUkre  of  their  operativee . . .  286 
OF  Vienna,  1873— 
chemical  exhibit— 

Solvay*8  ammonia-Boda  process 44 

alizarine 100 

OF  Philadelphia  (Centennial),  1876— 

chemical  exhibit  of  the  United  States  at 8 

printing  machinery  exhibited  at 302 

watch  manufactore  by  machinery,  exhibit  by  the  American  Watch  Company  — 406 

tests  of  watches  exhibited 412 

American  Watch  Company,  increase  of  sales  following  tho  Bxhibition 414 

report  of  the  Judges  on  machine-mannfactare  of  watches,  referred  to 400 

watch  exhibit  of  France 406 

Switzerland 406,410,412 

railway  signals,  exhibit  of 468 

OF  Pabib,  1878— 

superior  to  its  predecessors 8 

classification  of  exhibits  (tee  Classification). 

Chewcal  and  PHABMACBuncAL  Pbocbbsbb  AND  Pbepabationb,  general  report  on,  by 

Thomab  E.  Jenkins,  M.  D 1-162 

chemical  and  pharmaceutical  exhibit,  extent  of 8-7 

jury  upon,  list  of 6,6 

work  of 4-7 

countries  exhibiting 7 

awards,  by  countries 7 

Clocks  and  Watches,  general  report  on,  by  Edwabd  H.  Knight,  LL.  D 403-415 

eihibitors  from  the  United  States 405 

awards  to 406 

Hachikbs  and  Machine  Tooub,  general  report  on,  by  William  T.  Pobteb 889-402 

little  novelty  in  the  exhibit 891,402 

printing  machinery  operated  in  British  section 893 

MiNiNO  Industbieb,  general  report  on,  by  Jambs  D.  Hague 163-361 

Railway  Appabatus,  general  report  on,  by  William  A.  Akdebson 417-469 

Steam  AND  Gas  Engines,  general  report  on,  by  Andbbw  J.  Sweeney 863-887 

engine  of  Jerome  Wheelock,  Worcester,  Mass.,  operated  maohlnOTy  of  American, 

Korwegian,  and  Swedish  sections 369 

inadequate  representation  of  United  States 7,8,391,468,469 

causedby  tardy  action  of  Congress 7 

insufficient  appropriation  by  Congress 8 

ilUberality  of  some  British  exhibitors 194 

jury  of  recompenses,  composition  of 6 

arduous  work  imposed  upon 4-7 

buildings  of— 

great  number  of  annexes  and  outbuildings 4 

Pictet  Ice  Company 25 

Algerian  pavilion,  cork-cutting  exhibit 113 

chemical  exhibit 126 

mineral'Water  pavilion 114 

Galerie  de  la  Bourdoxmaye,  steel  exhibit,  railway  material 420,426 

Schneider  &  Co.'s  pavilion,  iron  and  steel  products  exhibited 434 

OP  HELBdUBNB,  1880— 

information  hoped  for  as  to  Australian  mining  industry 226 

Iodine  (tee  Chemistry). 

disco  vered  in  France • 66 

first  manufacture  fh>m  seaweed  (1829)  in  Conquet,  Finisterre,  France 81 

Iowa  (»ee  United  States). 
Ipswich  (Enghmd)— 

machinery  manufiscture— 
forestry— 

tree-felling  engines ^ ^ 888*,  886 
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Ireland,  Irish  {see  Oreat  Britain). 

Iridium  (»e«  Metal- working;  alto^  Mining). 

IridoBomine  (»ee  Mining). 

Iron  (Me  Chemistry ;  aUo,  Metal- working;  a2fo,  Mining). 

Isdahl&Co.  (Bergen,  Norway),  cod-liver  oil 146 

ITALY  («M,  also,  Altarissa^  Genoa,  Peragla» 

Aoata  Yalloy,  Ghedi,  Peaaro, 

Aasora,  Girgenti,  Piaa, 

Bergamo,  Gnarda,  Planedda, 

Bologna^  Iglteias,  Plana-Sartu, 

Baggerro,  Leghorn,  Rtm^i^ 

Caltaniaaetta,  Ligmien,  Rio, 

Carrara,  Malfldano,  Boocatederighi, 

Castro  Caro,  Messina,  Samioo, 

Catania,  Milan,  Tatti, 

Cesena,  Montebamboli,  Tnfo, 

Civita  Yeoohla,  Monte-Rexio,  Turin, 

Como,  Murlo,  Udine, 

Flume,  Naples,  YerOna, 

Florence,  Norara,  Yioensa, 

Genna  Arenas,  Paria,  Yulcano  Island)—- 

Chemibtbt  and  Pharu act— 

exhibit,  chemical 92,94 

pharmaceutical 141, 14^ 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry 92, 143 

crippled  by  want  of  fuel 91 

manufacturea— 

alum 93 

castor  oil 142 

cream  of  tartar,  tartaric  aeitl 92 

essential  oils 1^ 

magnesia,  carbonate 94 

quinine 141,142,148 

varied  preparations  of 14J 

soda 92,» 

sulphur -• 92,93 

production  and  consumption — 

boraoio  acid 59.92^94 

carbon,  bisolphide W 

castor  oil 1^ 

giobertlte  W 

iron,  sulphate « W 

lemon  Juice 142 

licorice  extract 142 

magnesia,  sulphate W 

manna  ■        1^ 

olive  oil 142 

pyrites %^ 

quinine 142,143 

sulphur 92,88 

sulphuric  acid W 

fuel  used  in  manufacture — 

coal  (deposits  wanting) 92,94 

products,  by-products,  materials — 
acifla-- 

boraoic 59,99,92,94 

carbonic *• 

citric 1« 

hydrochloric ® 

isobutyl-formic 1^ 

methyl-e  thy  1-acotlc 1*3 

nitric « 

pentylic ^^ 
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CHKUBTRY  AMD  PHABMACT— 

products,  by-product*,  materials— 
acid»-- 

quinic  143 

qninonio 143 

snlphnrio 92,03,94 

tartaiio 92 

trlmethyl-aoetio 143 

ralerianio 143 

alcohol,  amylio 143 

alum 92,94 

alumina,  sulphate   94 

ammonia,  sulphate 94 

ammonium,  chloride 59 

anisate 143 

aspara^e 1 142 

barium,  citrate 141 

bergamot,  oil  of 142 

boracioacid 59,60,92,94 

caffeine,  borato 142 

carbon,  bisulphide 93 

carbonic  acid 94 

castor  oil 142 

cinchonicino 143 

oinchonidiuo 143 

bibromatcd    143 

cinchonine 143 

bibromated 143 

oinchoteneiue 143 

citric  acid 141 

giobertite 94 

hydrochloric  acid 93 

iodino 94 

iron,  acetate 94 

oxide 94 

preparations  of,  for  paint 08 

sulphate 94 

isobutyl-formic  acid 143 

lemonjuice 141,142 

oUof 142 

licorice,  extract 142 

lime,  carbonate 94 

hydrate 94 

magnesia 03 

bicarbonate ^ 94 

carbonate 94 

citrate 142 

hydrate 94 

hydrocarbonate 94 

sulphate 94 

manna 142 

mannito , 142 

methyl-ethyl-acetio  acid 143 

mineral  waters 94 

naphthaline 142 

nitric  acid 93 

oil,  castor 142 

cod-liver 148 

essential 142 

bergamot 142 

lemon 142 

orange 142 

olivo 99  142 

pentylio  acid 148 


592  iVDWL 


ITALY— Contfnued. 

CHSMWrBT  AND  PHABMAOT— 

products,  by-pcodueta,  iD«terial»— 

potMih,  bioarbonate 88 

pyrites »,«»9* 

qoinlo  acid 143 

qniiiioiiic 148 

qoinidine 143 

quinine 142,143 

anetbol 148 

bisulpbato 142 

bromated 143 

cbloro-pbenate 148 

citrate , 141 

dibydroxyl 143 

ferrooyanide 142 

phenol-bydrocblorate ..-•.  143 

snlpbato 143 

sulpbonate 143 

salts 142,143 

sulphate 141.142 

sulpho-phenate • 148 

▼alertanate 141, 143 

quinonic  ivcid 148 

silicates,  soluble 9i 

soda 93 

bicarbonate 93 

sulphate 93,94 

sulphur 48,59,74,79,92,93,91,97,98 

sulpburio  acid 92,93,M 

superphosphates 94 

tartar,  cream  of 92, 142 

tartaric  acid 92 

trimetbyl-acetic  acid 143 

valeiiaii 143 

valerianic  acid 143 

operatives- 
number  employed 92, 90;  99 

extracting  sulphur 92,98 

magnesia 94 

borocicacid 94 

castor  oil 142 

fuel  wanting 92 

used  in  manufacture- 
coal 94 

exports- 
castor  oil 142 

lemon  Juice 142 

licorice  extract 142 

manna 142 

olive  oil 142 

imports — 

castor-oil  beans— 

ftom  Asia  Minor 142 

India 142 

cod-liver  oil — 

from  Norway 148 

licorice Ifi 

sulphuric  acid 9S 

from  France 92 

Clocks  and  Watches— 

exhibit 4« 

FOBBSTBT— 

eucalyptus  acclimated  in 134 

dispelled  nudaria  in  fever  districts.... 184 


INDEX.  593 

Page. 
ITALY— Continued. 

Machu(EBT  (including  tools,  implements,  appliances,  processes) — 
chemical- 
magnesia  manufacture — 

kilns  fur  carbonizing  dolomite M 

metal>worklng— 
sine— 

charcoal  abaft-f umaces 312 

MiKDIO  IKDUSTUIES— 

report  on 306-312 

exhibit 308 

inadequate  information  concerning 306 

cripplcdby  want  of  fuel 306 

copper 307 

ftiel  supply 806,807,308 

charcoal  used  in  smelting 308, 312 

coal 307,308 

anthracite 307 

bituminous 307 

lignite 807 

analysisof 307 

location  of  deposits 307 

importotion 177,225,307,808 

peat 307 

location  of  deposits 307 

production 307 

analysisof 307 

iron 806,307,308,309 

production 300,308,300 

manganiferous  pig,  for  Bessemer  steel 306 

mostly  exported 308,309 

location  of  the  mines 308 

lead 307 

refining  works 807 

marble 306 

salt 306 

rock 306 

evaporated 306 

government  works 806 

revenue 306 

private  works 306 

production 306 

zinc 309-312,838 

reopeningof  ancient  mines 309 

geological  occurrence 309, 310 

exploitation 310,811 

produ  ction 31 1 

ore-dressing  works 311 

analysisof  ore 311,812 

roasting  in  charcoal  furnaces 312 

production  and  consumption — 

calamine 300,310,388 

cerusite 809 

coal 177,307,308 

anthracite,  wanting 306,307 

bituminous 807 

lignite 307 

copper 175,222,306,307 

galena  ...  300 

iron 306,307,308 

ore 170,808 

pig 300 

wrought . 806 

lead 172  note,  209  note,  213, 223, 306, 307 

manganese , «« 806 

38  P  B VOL  4 
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MunNO  INDUBTRIBS— 

prodaction  and  consumptioiir— 

peat 307 

pyrites ; 9.H'23 

saU 806 

Bolphar 806 

zinc 224,  «H  309-312.838 

exports 306 

coal 808 

toBoasia : • 261 

copi>er 306 

to  Prance 175 

iron 196^308,309 

to  France 176^309 

Kuflsia 261 

United  State* 309 

lead 306 

to  Great  Britain 213,2© 

manganese 306 

salt- 
to  Russia  261 

snlphnr 306 

zinc 306 

to  Great  Britain 224 

imports- 
coal 307,308 

ftora  France 177 

Great  Britain 225,308 

copper— 

from  Great  Britain 222 

iron 807,308 

RAlhYfAY  APPABATUB— 

exliibit 419,423 

passenger  cars 445 

PROVINCES- 
CALABRIA^ 

Chrmibtky  and  Phasmact— 

manna 142 

ELBA- 
MINING  INDUSTUIES— 

iron 308 

production 308 

mined  anciently  by  the  £  truscans 308 

Romans  308 

PIEDMONT— 

MiNIKa  INDUBTBIES— 

anthracite  coal,  unimportant 307 

iron 308 

SARDINIA— 

Mining  Ixdustribb— 

iron 308 

lead 175 

lignite 307 

zinc 206,  214  Olid  note,  287,309-312,338 

exported  to  Great  Britain 206,214,287 

Belgium 287 

ancient  mines  reopened 309 

production 311 

pamphlet  upon,  ref eired  to 306 

SICILY— 

CHKMIBTIIY  and  PHABBCACr- 

manufacttxres — 

quinine 141 

sulphur ^..- 93 
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PROVINCES- 
SICILY— 

CHElOfiTBT  AKD  PHARMACY— 

materials— 

manna 142 

solphur .• 8,207 

imitated  in  regeneration  from  soda  waste 43 

replaced  by  pyrites,  in  Italy 94 

Great  Britain 207 

Switzerland 97 

natnral  deposits  in  United  States 98 

erporta— 

*              manna 142 

snlphnr  to  Austria 74 

France 79 

United  States : 9,98 

Mining  Indubtripjb— 

coal,  unimportant 307 

sulphur 207 

duty  imposed  on  export  by  Ferdinand  II  caused  sulphuric  acid  manufac- 
ture from  pyrites  in  Great  Britain 207 

TUSCA37Y— 

Chemistbt  astd  Phabmact— 
materials— 

boracicaoid 59,94 

manufactures — 

boracio  acid 92,94 

MiKixG  Industries— 

copper 306 

lignite 306 

VENETIA— 

Chkmibtby  and  Pharmacy- 

castoroil 142 

Jackson  Sc  Bro.  (Bolton,  England),  moltling  and  gear^cuttin;;  machines,  dividing  .apparatus 397 

Jacobsen  (J.  N.)  &  Co.  (Fredriksstad,  Norway),  oxalic  acid  from  sawdust 95 

Jacoby,  his  ''Btuslanda,  Australient,  und  Calif omient  Oold-ProdukHon,''  etc.,  cited 345, 349 

Jamaica  {see  Great  Britain:  colonies). 
JAPAN  («ee,  also,  Kochi,  Miye,  Tokio). 
Chemistry  and  Pharmacy— 

exhibit 144,145 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry 144 

products- 
beeswax  145 

coloring  materials 143 

indigo 145 

opium 146 

seaweeds,  gelose-yielding 145 

thao 145 

properties  of 127,145 

MraiNO  INDUSTRISB— 

collection  exhibited  by  Bureau  of  Mines,  Ministry  of  Public  Works 145 

agates 145 

amber 145 

calc-spar 145 

cobalt 145 

copper  ore 146 

galena 145 

garnets 146 

gold 145 

graphite 145 

hematite 146 
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JAPAN-Oontinued. 
Mining  iNDUSTBiBfr— 

collection  exhibited  by  Bureaa  of  Mines,  Ministry  of  Public  Worlcs— 

iron  pyrites • 145 

Jasper 145 

kaolin 145 

Ugnite • 145 

magnetite - 145 

znercnry 145 

pyrolusite 145 

qnartz 145 

rook-crystal 145 

silvor 145 

sulphur 145 

tin 145 

imports — 

gold  and  silver  fhmi  United  States ISO 

Jasper  {see  Mining). 

Java  (tee  Netherlands:  colonies). 

Jemapes  (Belgium) — 

machinery  manufacture— 

winding-engines  for  mines 376^  377 

Jenkins,  Thomas  E.  ,  M.  D.  ,  Additional  Commissioner,  member  of  the  jury,  Class  47 5 

Refort  on  "Chemical  and  Phabmaceutical  Pkocksbbs  and  Pbeparationb" 1-162 

death  of,  before  publication  of  his  report J 

Jennings,  Thoqi&s  (Cork,  Ireland),  magnesia SI 

Jenny,  professor  in  Polytechnic  School  of  Yienna  (Austria),  tests  of  locomotive  boiler  plates. .        441 

Jetaler,  C.  (S<^haff hansen,  Switzerland),  chlorine-manufacturing  process SS 

method  of  regenerating  oxide  of  manganese 97, 156 

apparatus  for,  exhibited 156 

Jimchimsthal  (Bohemia,  Austria)— 
mining  industry — 

early,  in  16th  century 300,801 

coinage  of  first  silver  crowns  (Joachimsthalar'^thaler^^donar)  in  1518 300 

products — 

bismuth 800,801 

cobalt    300.301 

nickel 800,801 

sQver 300,301 

uranium 300,301 

vanadates 361 

geological  formation ^ 

Johnson,  Matthey,  Sc  Co.  (London,  England),  apjNiratus  for  distilling sulphurioacid.  20, 21, 25, 64, 65^  68, 91 
manufacture  of— 

alum  inium .' 661 67, 88 

copper 66 

gold W 

iridium 65^66,67,60,91 

iron 66,67 

osmium 65,66,67,68,91 

palladium 65,66,67,69,91 

platinum 25,64-68,90,91 

rhodium 65,66,69 

ruthenium 65,66^89,91 

silver 68 

exhibit  at  Exposition  of  1878 64-68^90,91 

London  Exhibitions  of  1861  and '62 65,66 

Paris  Exposition  of  1855 * 

John88en,C.  (Christiansund,  Korway),  cod-liver  oil 1** 

Jolly,  L.  (Paris,  France),  phosphates  of  iron 121 

writings  on  iron  in  the  blood ^ 

Jones,  John  P.,  ITnited  States  Senator  ftom  Nevada,  chairman  of  Silver  Commission ^ 

estimatoof  bullion  yield  in  Western  States ^ 

Jones  A  Walsh  (England),  furnace  for  manufacturing  sulphate  of  soda 33,34 

procem  of  condensing  hydrochloric  acid ^ 
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Jordan,  C.  (TTondl\}em,  Norway),  cod-liver  oii 146 

Joruanx,  J.  (Paris,  France),  mannflftotarer  of  Isidore  Delcambre's  type-compoaing  machine  ...         393 
Julian  (France),  metliod  of  preparing  nitric  acid  by  electricity —  27 

Kalk  CWeetphalia,  Germany)— 
chemical  indoetry — 

ammonia  Bolts  from  gas  water 40 

soda 49 

Kalmar  (Sweden) — 
chemical  industry — 

products  of  the  distillation  of  wood  exhibited  by  the  Agricultural  School  of  Applerum— 

charcoal 162 

creosote  oil 1 52 

tar 152 

tanning  material 153 

turpentine 152 

vinegar • - 152 

Kalouga,  Government  of  (European  Bu88ia)~ 
mining  industry- 
iron 25« 

Kalnsz  (Galioia,  Austria)— 
chemical  industry- 
chloride  of  potassium 38 

Kansas  (see  United  States). 

Earimou  (see  Netherlands:  East  India  Colonies). 

Karpinski,  V.  (Warsaw,  Russia),  pharmaceutical  products 150 

Easan  (Bussia)- 

chemical  industry-- 

soda 46 

Kasbhi  (Persia)- 

wines 151 

Kasnau  (Austria)— 
chemical  industry — 

sulphuricaoid 73 

Kassarouta  (tes  Netherlands;  East  India  Colonies). 

Eastenbein,  Charles  (Paris,  France),  type-composing  and  distributing  machines 393 

Katsonkoura,  Y.  (Tokio,  Japan),  indigo 145 

Eef-Oum-Theboul  (Constantino,  Algeria)— 

lead  mines 189 

Keith  (B.)  Sc  Co.  (New  York  City),  oil  of  erigeron 159 

Eeltze,  Department  of  (Poland,  Bussia) — 
mining  industry — 

iron 257 

sulphur 259 

refinery 259 

Kentucky  (ses  United  States). 
Kerhuon  (Finlstdre,  France)— 
chemical  industry — 

bromine 82 

iodine 82 

potash 82 

varech 82 

Keljen  &.  Co.  (Amsterdam,  Netherlands),  sulphuric,  nitric,  hydrochloric  acid,  sulphates  of  soda 

andiron 92 

Kharisar  (Constamtine,  Algeria)— 

iron  mines 189 

Kientsy  Bros.  (Paris,  France),  paper- working  machinery 392 

Kiev,  Govorzmient  of  (European  Bussia)— 
mining  industry- 
coal  268 

Kiev-Elisabethgrad  (European  Bussia)— 
mining  industry — 

lignite aS8 

Kilbum  (London,  England)- 

railway  apparatus  manufactured— 

signaling  systems 467, 4G8 


598  INDEX. 

Kilo  (=2.205  pounds),  definition  of 171 

Kilojioter(=  2.6  miles)  definition  of 171 

Kingsett,  investigation  of  the  properties  of  the  encal^'ptas 134 

Kirby  (H.T.)  &Co.  (London,  Enghind),  pills, lozenges 130 

Kirghese  District  (ies  Russia). 
Eladno-Schlan-Bakonitz  (Bohemia,  Austria) — 

coal  deposits 294,437 

bad  qualitj*  of,  necessitates  mixture  with  other  cools 437, 438, 439 

special  form  of  fire-box  on  locomotives 437, 439 

yields  bad  coke 438 

Klein  (Austria),  spark-arrester  for  locomotives 441 

Klepotar  (F.)  &  Co.  (Brnnn,  Austria),  essential  oils,  ftuit  essences 109 

Kletzinski  (Vienna,  Austria),  theory  of  mugho  pine  essence  aa  a  disinfectant,  antiseptic,  etc ...         110 
Kleva  (Jonkdping,  Sweden)— 
mining  industry — 

nickel 265 

Kkioht,  Dr.  Edward  H.,  Honorary  Commissioner — 

Report  on  "Clocblb  akd  Watches" 403-415 

report  on  "Watch-making  Machinery",  as  chairman  of  Group  XXII,  Judges  at  Centennial 

Exhibition,  referred  to 409 

K6-bou-K6zan-EliBkou,  of  the  Bureau  of  Mines,  Ministry  of  Public  Works,  Japan,  collection  of 

minerals 145 

Koch,  Dr.  (Basle,  Switzerland),  process  of  manufacturing  alizarine  blue 105 

Koch  &  Reis  (Anvers,  Belgium),  sulphur 76 

Kochi  (Japan)— 

chemical  industry — 

indigo 145 

Koechlin  &  Prud'homme  (Mulhouse,  Alsace,  Germtmy),  report  on  properties  of  alizarine  blue 

quoted 106-108 

Kohlrausch,  method  of  manufacturing  superphosphates 96,57 

Kolb,  J.  (Loos,  France),  theory  of  the  reaction  in  manufiicture  of  superphosphates 59 

K511er,  L.  (Brunn,  Austria),  tartaric  acid,  etc 75 

KoDgsberg  (Norway)— 
raining — 

copper  from  pyrites 271 

silver 270,271 

containing  mercury 2iQ 

Koping  (Sweden) — 
chemical  industry — 

albumen  ft'om  eggs 158 

Kopp,  E.  (Zurich,  Switzerland),  process  of  manulhotaring  crude  soda 38 

Kopparberg  (Sweden) — 
mining  industry* — 

zinc  blende 263 

Koubau  (Caucasus,  Russia) — 
mining  industry- 
coal 258 

Kouldja,  Government  of  (Turkestan,  Russia) — 
mining  industry — 

coal 258 

Koutais  (Caucasus,  Russia) — 
miaing  industry — 

coal 258 

SZral,  F.  J.  (Olmutz,  Moravia,  Austria),  metallic  saocharates  and  soaps 109 

Kralup  (Bohemia,  Austria) — 

chemical  industry 74 

barium 74 

hydrochloric  acid 74 

nitric  acid 74 

potash 74 

soda 74 

sulphuricacid 73,74 

superphosphates 74 

Krausshaar.  method  of  rogoueratiug  sulphur  from  soda  waste 43 

Kroeber,  F.  (New  York  City),  exhibit  of  cloclis 403 
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Kioeber,  F.  (New  York  City),  reoeired  honorable  mention 405 

Krohn,  L.  Monrad  (Bergen,  Norway),  member  of  the  international  jury  of  recompenses,  Class  47 .  5, 146 

account  of  the  cod-flshery  of  Norway  and  manufacture  of 

cod-liver  oil 146-141 

Krol  &  Co.  (Z  woUe,  Netherlands),  superphosphates,  sulphate  of  ammonia dJ 

Kohlman,  E.  (Lille,  France),  method  of  manufacturing  nitric  acid 20 

director  of  chemical  works  at  LUle 80 

discoverer  of  coloring  matters  in  madder % 80 

developed  baryta  industry 80 

Kiihii,F.  (Moscow,  Bussia),  chemical  protection  for  leather 150 

Kanh^m  (Berlin,  Germany),  improvement  of  Maletra's  Ferret  pyrites  burner 12 

ammonia-soda  manniUcturing  process 48 

Kuopio  (Finland,  Bussia) — 
mining  industry — 

iron. 257 

Lago  di  Guarda  (Italy)— 
mining  industry>- 

dolomite 04 

Lagoa  {see  Great  Britain:  colonies). 

Lagrera  &£scales  (Felaniz,  Spain),  ether OG 

Lamia  (Greece) — 

chemical  industry — 

salt 91 

Laming,  method  of  regenerating  sulphur  fi-om  gas  works 10, 74 

ferro-cyanide  produced  from  previous  mixture 00 

Tjimm,  Dr.  £.  (United  States)— 

inventor  of  the  fireless  locomotive  made  by  the  Compagnie  Continentale  d'Ezploitation 

des  Locomotives  sans  Foyers  (Paris,  France) 462-460 

illnstration  of  locomotive  and  car 465* 

Laneavevillo  (Fi-ance)— 
chemical  industry — 

potash ,  pru  ssiate 87 

Langthorne  Chemical  Works  (Stratford,  England),  general  chemicals 01 

Lvmoy  (£.),  Fil8,&Co.  (Brussels,  Belgium),  sulphate  of  alumina 76 

La  Plaine  (Switzerland) — 
chemical  industry — 

colors 150 

LAPLAND- 
MINING— 

copper i  264 

Laur  iFraoce),  his  ''Du  CHsementetdeV Exploitation  deV Or  en  Cal\fomW  died 345 

Lonrium  (Greece) — 

min  in  g  industry 333-838 

adamlno 334 

arsenic 838 

calamine 338 

copper 833,338 

galena 334,335 

lead 333,335,336,338 

nickel 338 

sUver 333,335,386,338 

sine 333,334,330 

ancient  workings... 333,334,330 

arcluBological  exhibits 339 

modem  workings 336-338 

interrupted  by  rapacity  of  the  government 337 

resumed 337,338 

book  on  C^LeLauriwn")^  by  A.  Cordelia,  France 332 

Lantier  Fils  (Grasse,  France),  perfumes,  pomades 115,116 

Lead  («m  Metal- working ;  alio,  Mining). 
Leal  (Esthouia,  Bussia) — 
chemical  industry — 

oil  of  cumin —— , 150 

Leblanc,  process  of  manufacturing  soda  82.37-39,44,45 

LeChatelier,  counter-pressure  apparatus,  for  locomotives  436,439 
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Ledger,  assisted  in  transplanting  cinchona  ooltiyation  from  Bolivia  to  India 187 

Leeds  (England) 

chemical  indastry — 

soda 44 

machinery  maaufaotnre— 

steam-engines 384 

pumping 881 

traction....! .' 384 

Leeron,  Fahrique  de  Chrome  de  (Trondl\)em,  Norway),  bichromate  of  potassa 96 

Lefebvre,  A.  (Corbehem,  France),  potash,  rubidlam  extracted  ttom  beet-root  sugar  residues. .  83 

Leghorn  (Italy) — 

chemical  industry- 
soda 82,93 

boracicacid 94 

Lehmanu,  Joseph  (Brunn,  Moravia,  Austria),  dried  herbs,  pharmaceutical  preparations 109 

Leicester  (England)— 
chemical  industry — 

pills 130 

Leira  (Portugal)— 
mining  industry — 

lignite 320 

Lenganer  (M.)  &  Son  (Worsetx,  Hungary),  tartar,  tinctorial  substances 144 

Lenormand  (Saint  Louis,  Senegal),  vettlTer 124 

Leon,  Provinco  of  (Spain) — 
mining  industry — 

coal 814 

Leonard  &  Ellis  (New  York  City),  lubricating  oils 1 160 

Lepehkine,  N.  (Moscow,  Russia),  mineral  acids,  sulphates,  salts 95 

Lerida  (Spain)— 

chemical  industry — 

soda  ash 96 

Leroy,  T.  (Paris,  France),  watches 407 

Leucade  (Greece) — 
chemical  industry — 

salt 91 

Lhuillier,  L.  (Yienne,  France),  paper- working  machinery 892 

Lich tenberger,  G.  E. ,  apparatus  for  concentrating  sulphuric  acid 21 

Liebig,  Baron  Justus  von,  extract  of  beef 131 

Lidge  (Belgium) — 
mining  industry — 

coal 278,274,275,276 

discovered  at  (1198) 276 

Ligmien  (Italy)— 

lignite  deposits ^ 807 

Lille  (Franco)— 

chemical  industry — 

bariimi  salts 80 

baryta 80 

chloroform  .^ 86 

ether 86 

lead  salts 60 

potash  salts 80 

soda , 80 

sulphuric  acid 17 

superphosphates 80 

tannin 66 

Lime  Rock,  Conn. — 

railway  apparatus  manufactured- 

cast-iron  car-wheels - 460 

Limousin,  S.  (Paris,  France),  amorphous  quinine « 117 

Lipoid,  geological  iuvestigations  in  Camiola,  Austria 801 

Litharge  {see  Mining). 

Lithgow  Yalloy  (Now  South  Wales,  Australia)— 
mining  industry- 
coal 243 
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Page 
Littond,  (Government  of  (Siberia,  KnBsia)~> 
mining  indostry— 

gold 249 

coal •   258 

Livenidge,  Archibald,  Professor  of  Geology,  UniyerBity  of  Sydney  (New  South  Wales),  inyeeti- 

gation  of  coal  deposits 242 

Locomotives  («««  Railways). 
Loflbden  Islands  (Norway)— 
fishery — 

cod 146,147,148 

Logrofio,  Province  of  (Spain)— 
mining  industry — 

Hgnite 314 

London  (England) — 
chemical  industry-^ 

apparatus  for 64-68,00,91 

aoids 

chrysophanio  (from  goa  powder) 129,130 

gelseminio 130 

sulphuric 20,64 

valerianic 131 

alkaline  bromides 129 

iodides 129 

aloin 129 

cadmium,  salts 129 

camphor 129 

capsaicine 129 

carbon,  sulphide 89 

totrachloride 89 

colohicia 130 

oreoBoto 130 

crude  drugs 128 

curarlne 130 

duboisia '     130 

essential  oUs 128,129 

extracts 130 

fruit  essences 128 

gelatine  preparations 130 

hypophoephites * 131 

Jujubes 130 

lithia,  citrate .^ 128 

mercury 120 

ozokerit 72 

parafflLne 72 

perfumery 131 

pilocarpine,  salts. 129,130 

pills 130 

potash,  citrate 128 

snipho-carbonate 89 

xanthate 89 

resins 128 

rubber  coloring  and  vulcanizing  material 89 

salto 128 

soap 131 

soda 60 

sulphur,  chloride 89 

sulphuric  acid 20,64 

vermilion,  salts 129 

gas  works,  soda  contained  in  the  waste  of 50 

machinery  manufacture- 
hydraulic  machines ..., 398 

accumulators 398 

pumps 398 

riveters 398 
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London  (England) —  Faga 

machinery  manuikctaro— 
metal-working — 

diiUs 3M1397 

paper- working — 

printing  presses 398 

type  composing  and  distributing 383 

steam-engines... 882,383* 

hoisting 384 

traction 384 

stone-working 888, 380*.  400*,  401*  402* 

machinery,  apparatus — 

chemical 04-81 

mining  industry- 
prices  in,  the  standard 196 

of  coal 210.217 

copper 216^217 

iron,  pig 21C;217 

lead 210,217 

silver 210,217 

tin 210,217 

zinc 210,217 

railway  apparatus,  manufactured — 

signaling  systems 407-408 

London  (Ontario,  Canada) — 

chemical  industry 112^128 

London,  Brighton,  and  South  Coast  Railway  Company  (Engluid),  locomotiTe 445 

London  Exhibition  (see  International  Exhibitions). 

'* London  Pharmaceutical  Journal  and  Transactions" — 

on  **elegant  pharmacy"  quoted 115 

on  commerce  in  vanilla  from  Reunion  Island 120 

Long  Island  City,  N.  Y. — 
chemical  industry — 

acetate  of  lead 100 

Longmaid  (England),  copper  extraction  from  pyrites ^ 

Loret  (Sedan,  France),  vegetable  extracts 117 

Louis  XVI  of  France,  mining  industry  imder 174 

Louisiana  (gee  United  States). 
Louisville,  Ky. — 

machinery  manuCaoture— 

molding  machines  for  foundries 897, 386 

Low,  Moritz  (Hussowitz,  Austria),  essential  oils 110 

Lowe  (Charles)  &  Co.  (Manchester,  England) ,  carbolic  acid,  naphthaline 130 

L3wig  Brothers  (Dresden,  Germany),  process  of  manufacturing  caustic  soda 51 

hydrate  of  aluminium  for  de> 

colorizing  beet-root  juice. . .  58 

Lucq,  H.C.  (Pont-sur-Sambre,  France),  drills,  punches,  shears,  etc.,  for  metal  working 896 

Lunge,  Georg  (Zurich,  Switzerland),  writings  on  the  Glover's  tower 17, 18 

Lustin  (Belgium)— 

ancient  iron  manufacture 281 

LUXEMBURG,  GRAND  DUCHY  OF— 
Cemistrt  and  Puabmact— 

exhibitors,  number  of 7 

awards,  number  of 7 

Mining  Ikdustriss— 

geological  formation 280 

proddction — 

iron 172 

ore 172,230 

minette 2»),281 

pig 1^ 

wrought 1*2 

export — 

iron  to  Belgium 280,281 

Lyman  Brothers  (Toronto,  Canada),  chemical  products 77 

pharmaceutical  preparations 112 

Lyman,  Clare,  &  Co.  (Montreal,  Ouinda),  potash  -  77 
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"Lyons  (France)—  Page, 

chemical  industry — 

acid,  citric 86 

tartaric 86 

mining  industry- 
pyrites OT 

Liyons,  N.  Y. — 

chemical  industry- 
oil  of  i>eppermint  169 

Lyaaker  Chemical  Works  (Christiania,  Norway),  nitric  and  sulphuric  acids 95 

Lysekil  (Sweden) — 
chemical  induati'y — 

icthyocolla,  from  fish  entrails,  for  fining  of  wines 153 

MacDongall  (England),  mechanical  f'lmace  for  burning  pyrites 13 

Mftcfarlan  (J.  F.)  &.  Co.  (Edinburgh,  Scotland),  substitution  products  of  opium  alkaloids 129 

MdTor,  superintendent  of  cinchona  cultiyation  in  Madras,  Ibidia 138 

Mackenzie,  John,  government  examiner  of  coal  fields,  New  South  Wales,  estimate  of  coal 

yield 242 

McKesson  S&  Bobbins  (New  York  City),  vegetable  drugs,  essential  oils   157, 150 

McLaren,  John  andHenry  (Leeds, England),  traction  engines 384 

Mactear,  James  (Widnes,  England) — 

revolving;  furnace  for  crude  soda  manufMture 37, 38 

calcining  soda 39. 90 

methods  of  regenerating  sulphur  from  soda  waste 43, 90 

decomposing  salts  in  solution 45 

MACHINERY  (including  tools,  implements,  appliances,  processes) — 

NoTS.— [Ik  comotives  and  apparatut  connected  with  railteayt  are  indexed  under  the  title 
Kail  way  Apparatus.] 

classification  of  exhibits  (Group  Vr,  Class  54)  364 

Report  ox  *'Steam  and  Gab  Emgikeb,"  by  Axdrrw  J.  Swkbney 363>387 

illustrations  to  the  reports 

Plate  I.— Woolf  vertical  compound,  variable  cut>off  steam-engine,  T.  &.  F.  Powell, 

Bouen,  France 372* 

Plate  I r. — Horizontal   condensing  steam-engine:  Soci6t6  Suisse  pour  la  Construc- 
tion de  Locomotives  et.de  Machines,  Winterthur,  Switzerland 376* 

Plate  III. — Apparatus  for  the  instantaneous  generation  of  steam  (by  liquid  fuel) : 

C.  J.  Dusaulx,  Paris,  France 386* 

Figure  1. — Automatic  cut-off  steam.engine :  Jerome  Wheelock,  Worcester,  Mass., 

sectional  view  of  cylinder,  showing  valves 370* 

Figure  2. — ^Ditto — side  view  of  cylinder,  showing  valve-gears 870^ 

Figures. — Ditto — valves,  detached 371* 

Figure  4. — ^V  ariable  exhaust  steam-engine :  A.  Collmann,  Y ienna — ^perspective  view .       373* 

Figure  5.— Ditto— transverse  section 374* 

Figure  6. — Compound  condensing  steam-engine :  Sulzer  Bros.,  Winterthur,  Switz- 
erland          378* 

Figure  7. — Horizontal  compound  condensing  stenm-engine :   J.  Hermann-Lacha- 

pelle,  Paris,  France , ,         379* 

Figure  8. — Yertical  compound  brotherhood  steam-engine :  G.  Fland  &  A.  Cohendet, 

Paris,  France — vertical  longitudinal  section 381* 

Figure  9.— Ditto— vertical  transverse  section 381* 

Figure  10. — Twin-cylinder  steam-engine:  Joseph  Bemays,  London, England 382* 

Figure  11. — ^Tree-felling  engine  (saw) :  Ransomes,  Sims,  Sc  Head,  Ipswich,  Eng- 
land         383* 

Bbpokt  on  '*  Machines  akd  MACHms  Tools,"  by  William  T.  Portbk 389^02 

illustrations  to  the  reiK>rt— 

Figures  1, 2, 3, 4.— i^tone-dressing  machines:  Brunton  S:  Trier,  London,  England .  399,*  400* 

401,*  402* 
exhibits- 
little  novelty  in  194,195,363,391,392,402 

information  concerning,  withheld  194, 195, 865 

of  United  States  inadequate 391 

general  imitation  of  American  patterns 365, 866, 367, 368, 372, 377, 380, 392, 395, 408, 409, 412 

CHBMICAI/— 

alizarine  mann&oture 100-108 

Bindschedler  Sc  6usch*s  process 101-104, 105 

Oraebe  Sc  Liebermann's  process 100, 101 
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MACHDTERY-Contlxiaed. 
Chbkigal— 

ohlorlno  tiuuiufjMtaring  piooeaies 51-S4 

Deacon  dl&Hnrter 53,53,54 

Dimlop * S3 

Huenolever 54 

Hoflbnann 53 

Jetzlcr 53 

Solvay  (atHUmgaininonia-aodAresiclaes) 61,52 

Woldon  (regenerating  oxide  of  manganeae) 52 

ice-making  apparatus  (by  sulpliuroaa  anhydride) 25 

nitric  aoid  manufactnre 25-S 

recent  improvements  in  apparatus 36^27 

paraffine  mannfacture— 

retoits  for  distillation Tt 

potash  manofiMJtaro  fh>m  beet-root  residues 1.. 30 

reverberatory  furnaces 80 

retorts  for  distillation 30 

soda  monafactnre 3^^ 

ammoniA  processes— 

Claus  &  Wallace 48^50 

De  GrousUliers 48 

Gerlaoh  (producing  ammonia  salts) 49 

Honigmann 40^47 

Schalke 46 

Scherbasoheff 48 

Schl^sing&RoUand 44 

Schmidt 4»,4S 

Siemens 48 

Solvay ' 44-48;  49 

caustic  and  sodium  carbonate  processes 

Arret 51 

Davis 51 

Dohlig 51 

Grilneberg  &  Forster 51 

Lowig 61 

TLirion 51 

Vincent 60 

Weldon  51 

cnide,  fix>m  sulphate,  Leblanc's  process 37-39,44,45 

apparatus,  improvements,  etc.— 

Elliott  &  Russell 87 

Hargreavcs  &  Robinsoii 82,88,46 

Kopp  dtStromoyer 38 

Mactear 87,88,38^45 

Malherbe 38 

Tb6Ien 89 

sulphate,  and  hydrochloric  acid- 
apparatus  and  processes— 

Cammack  and  Walker 34 

Hargreavcs  &  Robinson 32;  84, 85^  36 

Jones  &  Walsh 83,84,88 

waste,  regeneration  of  sulphur  fix>m 8943 

method  of  Hewitt 43 

Krausshaar 43 

Mactear 43 

Mond 40 

Sohaffher i 40,43 

Schafl&ier  &  Helblg 40-«f 

illustration  of 42" 

spirits,  copper  apparatus  for  distilling 265 

sulphuric  acid  manufacture  10-26 

pyrites  burners 10-13 

vitriol  chambers '. 16-17 

Glover's  tower 16,17,19 
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MACHIK£RY-~Coiitdniied. 
Chemical— 

salphnrio  acid  munnfactnre— 

Gay-Liuaao's  toirer 10,18,19 

ooncoitzutiiig  apparatoB 19-22 

glass 21,22 

iron 21 

lead .19,20,24 

platinimi 19, 20, 21, 22,  %  64, 66, 08, 75, 90, 91 

▼itriol-s  tone  f amaces 23 

retorts,  fla4c8 23 

receivers 28 

exhibited 363-387 

detaUs  of  construction,  stylos,  etc 865-369 

framing 365,366 

orank«shafts  and  Joamais i 366 

bearings 366 

connecting-rods 367 

guides 367 

Talres 867,368 

valTe-geam 368, 369 

steun-engines— 

Austria-Hungary — 

Collmann's  yariable  exhaust 372-375 

illustrations 373*.  874* 

Belgium- 
Beer's  winding  engine,  for  mines 376, 377 

France— 

Powell's  Woolf  vertical  compound 371, 372 

illustration r. 372* 

Hermann-Lachapello's  condensing 378-^0 

illustration 379* 

Fland  &  Cohendet's  brotherhood 380,381 

illustration 381* 

Great  Britain— 

Bemay's  twin-cylinder 882,383 

illustration ! 882* 

Bansomes' tree- felling  (saw) 383,384 

illustration 383* 

pumping 384 

hoisting 884 

traction 384 

Switserland- 

Soci6t6  Suisse  condensing 875,876 

illustration 376* 

Snlzer's  compound  condensing 377, 378 

illustration 378* 

United  States— 

Wheelock's  automatic  cut-off 368,369-371 

illustrations 370*,  371* 

apparatus  for  the  instantaneous  generation  of  steam  (by  liquid  fuel,  petroleum, 

naphtha,  etc.):  Dnsaulx, Paris, France 385-387 

illustration 380* 

gas-engines 384,385 

Otto  silent:  Paris,  France 384,385 

Bisschef  vertical :  Paris,  France 885 

hydraulic  engines— 
Austria-Hungary- 

used  in  mines 802 

France- 
used  in  rock-salt  works 181 

compressed-air  enginea— 
Austria-Hungaiy — 

need  in  mines *« 298 
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MACHINERY— Contixiaed. 
Enodibs— 

oompreesed-air  engiiM 
Belgium — 

used  in  mines 279 

used  in  mining  indnatries— 
Algeriar— 

number  employed  in  mines 189 

inn 189 

AnstriSrHnngaiy — 

number  employed 296,299 

in  coal  mines 296 

hoisting. 296,298,902 

pumping 296,299 

Belgium — 

number  employed 278,282,287 

pumping 276,278,279,282,284,286 

Cornish  engines  285 

first  large  rotary  engine :  John  Cookerill  Compsny 285 

hoisting 276,278,285 

Beer's  winding  engine,  exhibited 378,377 

ventilating 278,285 

France — 

first  steam-engino  used  in  (1782) 176,177 

number  employed  in  coal  mines 181,182 

iron  mines 181,182 

rock-saltmines 181,182 

rotary  pumping  engines 187 

Portugal — 

hoisting 826,327.829 

pumping 327 

Spain — 

number  employed  in  coal  mines 314, 315 

FORBSTRT— 

cork-cutting:  France   113 

exhibitor  113 

peat-working :  Sweden 26S,  264 

production 263 

tree-felling  engine :  England 383, 384 

illustration 883* 

Machivb-toolb— 

exhibits  of 

France^ 

gear-cutters 395,: 

planers 894,895 

ne  w  method  of  lubricating 396 

unintelligent  imitation  of  American  pattern 395 

shaping-machines,  quick -return  motion 894 

small  tools:  drills,  punches,  shears,  etc 396 

Great  Britain- 
drills 896 

gages 896 

gear-cnttets,  dividing  apparatus 397 

lathes 396 

locomotive-repairing  tools 396 

meaduring-machines 396 

milling-machines 397 

screw-cutters 396 

shaping-machines,  quick-return  motion 394 

small  tools 396 

surface  plates 396 

United  States — 

emery  wheels 397 

molding-machine  for  foundries 397,896 

smalltools:  geu'-cntters, taps, reamers, drills, rules, gages, ete 897 
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MACHINERY— Continued, 
metal  working- 
copper  (M«,  ofao,  Pyiitefl, 

famacea  employed ;  Koaaia 253 

smelting  works,  rolling  mills :  Sweden 205 

iron— 

fnmaoe»— 

charcoal  hearths  in  ancient  Gaol 175 

recent  improvements  in  Great  Britain 211 

Belgium 282 

^         nnmber employed:  Bassia  256,257 

Belgium 281 

ancient  remains  of:  Belgium 281, 282 

lead— 

fhmaoes  employed:  Bussia 252 

"Bleyberg":  Belgium 286 

reverberatory,  "Commem  process" :  Austria 299 

used  by  the  ancient  Greeks,  at  Laurium 335 

Pils:  modem  Greece 338 

nickel — 

extraction  processes 191-193 

Gamier's  process :  cold-blast  cupola  furnace 192 

refining:  reverberating  furnace 193 

platinum — 

BcBttger's  process  of  coating  metallic  objects  with 67 

"  autogenous  soldeiing  "  by  oxy-hydrogen  blow-pipe 65 

fiunace  with  compound  oxy-hydrogen  blow-pipes  for  making  alloys  of,  with  iridium, 

etc 68 

model  of;  exhibited  by  the  Commission  du  Metro 68 

pyrites- 
silver  extraction  from  the  residues 18-15, 285 

copper  extraction 235 

cyanides  extracted  fhnn  residues 62 

Plattner  chlorination  process 235 

excluded  by  popular  sentiment  in  Portugal 327 

quicksilver- 
extraction  processes  various :  Austria 808, 304 

receivers 303 

retorts 303 

heating  with  lime 808 

ftimaoes:  Almaden  (1750) 303 

Idria,  horizontal  (1787) 303 

Leopold,  quadruple  (1825) 308 

Alberti,  reverberatory  (1842) 303 

cupola 803,304 

iron-clad 303,804 

muffle 303,804 

FortschauJlUngtqfen  (reverberatory) 303 

silver- 
Luce  Si  Bosan  process  of  concentrating 187 

ftimaces  employed :  Russia 252 

refining:  Norway 271 

steel- 
furnaces  employed:  Russia 277 

tin— 

reverberatory  smelting  furnaces:  Australia 239 

ftimaces  employed :  Russia 253 

Chinese,  used  in  Banca,  Dutch  East  Indies 342 

yiaandereu's,  used  in  Banca,  Dutch  East  Indies 342 

revorbemtory,  used  in  Banca,  Dutch  East  Indies  342 

value  of  metal-working  machinery  in  Russia 260 

sine — 

furnaces  employed :  Russia 255 

Belgium 291 

first  constructed  (1806):  Belgium 290 

shaft,  oharcoal-buming :  Italy 312 
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MACHINERY— Continued. 

MiNINO— 

no  exhibit  by  Anstralia 

United  State* 235 

boring  apparatus — 

Mortensen :  Sweden 

diamond  flrill 

Chinese  rope  drill 286 

Burleigh 206 

Cederblom 286 

Ingersoll ^.  286 

Rand 286 

Sohram 206 

competitive  trials,  in  Sweden 206 

machine  drills,  used  with  dynamite :  Austria   297 

coking  furnaces :  France 103 

engines  for  hoisting,  pumping,  ventilating,  etc.  (tee  engines,  above.) 
hoisting  arrangements — 

disused  in  Sweden 288 

safety  apparatus 183,185^106 

Cousin:  France  183.185.106 

providing  against  overwinding 106 

steel-cables  replacing  iron :  Franco 187 

Austria 290 

ropes  replaced  by  wooden  and  iron  guides :  France 187 

Beer's  winding  engine :  Belgium,  exhibited 376,377 

cages,  lifting  cars :  Belgium 278 

Austria 290 

ore-dressing— 

improvements  in  France 187 

Austria  298  S90 

percussion  tables 298.301 

revolving  tables 803 

continuous  Jigs 298 

stamp-batteries 298. 290, 302 

screens 3n2 

Blake  crusher 302 

Belgium 285^280,291 

Greece,  ancient 335 

exhibit  of 839 

modem 338 

Norway 271 

United  States— 

Blake  crusher,  model  exhibited 382 

prospecting  implements — 

magnetic  needle:  Sweden 200 

want  of,  by  the  ancient  Greeks 333 

^fam,  C hinese  boring  apparatus :  Banca 341 

pumping  apparatus  («««,  €Uso,  engines,  ofrove). 
water-wheels — 

used  by  ancient  Romans,  in  Portugal 33* 

Sweden 206 

Belgium ■  2» 

transportation  by  railways  (iee  Railwaj-  apparatus), 
coal-washing — 

improvements  in  France 187 

gold- 
hydraulic  washing — 

inCalifomia 233,856 

by  Chinese 233,365^366 

New  Zealand 213 

puddling,  cradles,  pans,  etc.:  Anstralia 235 

tin- 
washing,  jigs,  sluices :  Australia ^ 233 
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MACHINERY— Continaed. 

Papbb  woBKnra,  exhibits  of 88a-aM 

P^nmoe— 

engine-tab 302 

Fonrdrinier  miicbine 302 

printing  presses 802, 303 

type  composing  and  distribnting  machines 303 

numbering  maehines,  for  notes,  tickets,  etc 304 

Great  Britain- 
printing  presses 393 

type  composing  and  distributing  machine 303 

Stokb-wobkikg— 

« 

stone^ressing  macbine :  Bmnton  St,  Trier,  London,  Wngland 308, 400 

iUnstrations 800*,  400*,  401*,  402* 

TBAKBMXBfilON  OF  FOWBU— 

by  gearing,  in  Europe 805, 401 

with  helicoidal  teeth 805,307 

Hook's 305 

belting,  m  the  United  States 401 

hempen  ropes 401, 402 

leather  belt  exhibited:  United  States 401 

hair  belt  exhibited:  France 401 

"Watch-Makikg—   . 

no  exhibit  of 406^406 

adTantages  of— 

prodaces  interchangeable  parts 408,400 

superior  workmanship 408, 400, 411 

cheapness   ..   408,411 

increased  production 411 

originally  employed  by  Boston  (Kass.)  Watch  Company 400 

used  by  American  Watch  Company,  Waltham,  Mass 400, 411 

imitated  or  imported  from  United  States,  in  France  408^  400, 412 

Switiflriand 408,400,412 

not  used  in  England 408 

micrometer  exhibited 414 

Madder,  discovery  (in  1823)  of  two  coloring  matters  in.    80 

superseded  as  a  dye-stofT  by  alisarine 100, 101, 118 

cultivation  abandoned  in  Franco  118 

Maine  («m  United  States). 

Maisons-Laffitte  (France)— 

chemical  industry — 

borax ." 88 

boracioacid 83 

manganese,  borate 83 

Malacca  («m  Great  Britain :  colonies:  Straits  Settlements). 

Midetra  (Rouen,  France),  furnace  for  burning  pyrites   11,12 

fits  residues  for  use  in  Bessemer  steel  manufacture 14 

Malfidano  (Sardinia^  Italy)— 

mining  industry 300-312 

lead 311,812 

silver 312 

sine 311,312 

blende 300 

calamine 300 

Cerusite 300 

galena 300 

exploitation  310,311 

operatives,  number  employed 312 

Malherbe,  process  of  manufiicturing  erode  soda    88 

Mallutha  tribe,  Australian  aborigines,  use  of  jnturi,  coun^e-compelling  drug 133 

Malmohns  District  (Sweden)— 

mining  industry — 

coal 283 

39  p  B — yoij  4 
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P»ge. 
Manchester  (England) — 
ohemioal  industry — 

alum fll 

ala mino-ferrio  caiko  for  sizing  paper  and  purifying  water 91 

bauxite 91 

carbolic  aoid 130 

naphthaline 130 

tetrachloride 130 

machinery  manufaoturo 420 

hydraulic  testing  machine •• 398 

hithes. 398 

locomotiTe>building  tooLo *  398 

machine  tools,  gages,  etc 396 

railway  apparatus- 
locomotives 443,444*445 

Manganese  {see  Chemistry;  aiso  Mining). 
Manitoba  (fee  Great  Britain:  colonics:  Canada). 
Marble  («ee  Mining). 
Marchovelette  (Belgium)— 
mining  industry — 

iron 2T9 

Margueritte  &  Lourdeval  (Paris,  France),  ammonia-soda  manufacturing  process 44 

Margnlies  (B.)  dk  Co.  (Vienna,  Austria),  ammonia,  salts,  siltpeter ! 75 

Marinoni,  H.  (Paris,  France),  printing  presses  3^  398 

Markham  introduced  cinchona  cultivation  in  British  India 136-140 

Marlier  (France),  secretary  ezecutivo  committee  of  the  "  International  Congress  for  the  Ame- 
lioration of  the  Means  of  Transport" 431 

Marmora.  Sea  of—- 

borate  of  lime  deposits 59 

Marseilles  (France)— 
chemical  industry — 

acid,  nitric 79 

sulphuric   TO 

manganese 73 

Boda 79.81 

sulphur 78 

gas  works,  ammonia  from  waste  of,  used  in  soda  manufacture —  31 

Martinique  {see  France:  colonies). 
Maryland  {see  United  States). 

Mason,  James,  managing  director  of  the  mine  of  Saint  Domingos,  Portugal 331 

Massachusetts  {see  United  States). 

Mathey,  A.  O.  (NeachAtel,  Switzerland),  dlamantino  (jewelers'  polishing  material),  boron  and 

artifldal  carbon  diamonds 156 

Mauritius  {see  Great  Briti^:  colonies). 

Maw,  William  H.,  editor  of  "Bngineering,**  London,  England  435 

Mayen  (Rhenish  Prussia,  G^ermany)— 
mining  industry- 

oop];>er 287 

lead  »7 

zincblende 287 

ore-dressing  works 287 

Mayer,  E.,  engineor-in-chief  of  rolling-stock,  Western  Bailway  Comfumy  of  France 431 

Maz^Launay  (France),  distillation  of  iodine  from  kelp 58 

Meiem  (Austria)— 
mining  industry — 

zinc  concentration  works 396 

M^karski,  L.  (Saint  Yvep,  France),  president  of  the  Soci6t6  (ztoAral^  des  Moteurs  4  Ah-  Com- 

prim6  (Paris),  inventor  of  motor  for  street  and  mine  railways 481,463 

illustrations  of  his  street-railway  cars 462*,  433*,  484* 

M6Ui8,  V.  (Milos,  Greece),  sulphur 31 

Melbourne  (Yictoria,  Australia)— 
chemical  industry— 

propaiations  of  the  eucalyptus 1'^ 

exhibition  (see  International  Exhibitimis). 
Mellor  Sl  Rittenhouse  (Philadelphia,  Pa.),  extract  of  licorice  root<,  Jervia,  glycyirhisene ^       1^ 
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Menwang  (Banoa  labuid,  Nethexliuids  colony) — 
miiiiiig  industry — 

gold 348 

Mercuzy  («m  Chemistry;  dlw^  Mining). 
Merle,  H.  (France),  industrisl  chemist- 
production  of  chloride  of  potassium 29, 84 

improTement  in  coke  towers  for  hydrochloric  aoid 84 

founded  chemical  works  at  SaUndres 84 

)               Mertola  (Portugal) — 
mining  industry- 
lead 319 

Messina  (Italy)— 

chemical  industzy- 

essential  oUs 142 

bergamot 142 

orange 142 

lemon 142 

lemon  J  nice,  concentrated,  for  citric  add 142 

Mesrin  (Belgium)— 
chemical  industry- 
adds 7« 

phosphates 7(1 

soda \ 76 

METAL-WORKING  (sm,  abo,  Machinery:  metal-working;  (Oio,  Mining)— 
aluminium- 
exhibits 68,(r7,85 

manufactures  84, 85 

chemical  balances,  optical  instruments,  etc 85 

prices 85 

alloy  with  nickel. 85 

silTcr 85 

sulphate,  produced  ftom  iron-fbrnace  slag 58 

brass,  bronze 206,290,441 

copper- 
extracted  from  pyrites  residues  18, 14, 199, 203, 204, 205, 206, 207, 20( 

silyer  extracted  ftom  ores  of 208, 201 

alloys  with  nickel  (Oerman  silyer) 192, 191 

tin  in  bronze 441 

distilling  apparatus 268 

parts  of  locomotiTes 439,440,441,442,444 

gold— 

otmtdned  in  pyrites  residues 18 

used  as  solder  for  platinum 65 

iridium  (tee  platinum,  htiavf). 
iron- 
parts  of  locomotives 442 

replacing  ropes,  for  hoisting  in  mines 187 

wood,  in  orosbties  for  railways 424 

fismes  of  railway  cars 426,446^448 

replaoed  by  steel,  in  railway  material 420,424 

hoisting-cables  in  mines 187 

alloy  with  nickel 108 

slag  fhwi  smelting  ftamaces  yidds  aluminium 58 

pyrites  reddues  used  in  smdting 109,207 

lead— 

silyer  extracted  from  ores  of 208,209 

sulphuric  add  condensing  apparatus 19 

nickel— 

manufkioture 192,193,271 

alloy  with  aluminium 85 

copper  (German  silyer) 192 

Iron 193 

osmium  (fM  platinum,  UUtw). 

psUadiom  (see  platinum,  Mow).  «. 
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METAL-WOBKING— ContiBaed. 
platinum — 

metals  aasooiated  with — 

iridium 06 

exhibits 66^08.87,91 

mathematioal  instruments,  weights,  etc 06^68,68 

colors  for  porcelain  deooratioa 60 

as  an  alloy  of  platinum  2I,68,6B 

osmium - 65 

exhibits 66,60.87,01 

pointing  pens,  suspension-points 00 

pidladium 06 

exhibit 66^66^00,87,01 

power  of  absorbing  hydrogen 66,00^01 

points  of  pencils,  lancets,  eta 68 

mathematlGal  instruments,  etc 68 

rhodium 66 

exhibit 65^60 

ruthenium 66 

exhibit 65^66^87,01 

exhibits M.  68, 87, 00. 01 

processes  of  manufacture    64 

fusion 66 

antogenous  soldering  (by  oxy-hydrogen  blow-pipe) 65b60;08 

coating  ol^  ects  of  metal,  glass,  porcelain 07, 08 

apparatus  for  concentrating  sulphuric  acid 19, 20, 21, 26, 04, 65, 66^  86^  87, 01 

preparation  with  asbestos:  sulphuric  acid  manufiMtnre 21^ 25 

general  chemical  apparatus 06 

colors  for  ceramic  decoration 07, 08 

pyrites  residues — 

extraction  of  copper 18, 14^  100, 203, 204^  205^  200;  207, 200 

gold 13 

silver 18, 14, 206;  209 

used  in  manufiicturing  Bessemer  steel  14 

iron  smelting  fumaoes 190^207 

tliodium  (Me  platinum,  above). 
ruthenium  (ms  platinum,  o&om). 
silver- 
extracted  from  copper  ores .* 208, ', 

lead  ores  208,1 

pyrites 1S.H206,200 

alloy  Mrith  aluminium 85 

plating 265 

steel— 

manufticture 420,442 

replacing  iron  in  railway  materials 420^424,428 

hoisting-cables  in  mines 187 

locomotive  boilers 440 

Bessemer — 

pyrites  residues  used  in  tho  mannfacture  of 14 

lowcostof 420 

parts  of  locomotives 444^449,444 

rails 428.457 

Martin — 

locomotive  boilers 430,440,441 

tin- 
plating  on  iron 202 

alloy  with  copper  in  bronze 441 

Moter  (=39.371inches),  definition  of 451 

Metre,  Oommisnon  du  (France),  preparation  of  standard  measures  of  platinum  and  iridium 08 

MEXICO- 
Chbmistiit- 

exhibit 165 

products — 

llnaloe,  essence  155 

liquidambar,  resin 155 

vaailla 60il20^155 


INDEX.  613 

MEXICO— Continued. 

HDOMn  INDUBTBIBB— 

gold— 

prodnction 178,284,348,353,854 

exported  to  United  States 347,353 

silver— 

pTodaction 173,234,853,364 

exported  to  United  States 347,363 

Meybridge  (San  FranciBOO,  CaL),  pneumatic  clock 406 

Miassk  District  (Ural  Moontains,  Buasia)— 
mining  indnstry— 

platinum , 251 

If iohelet  (Paris,  Franoe),  mannfactore  of  eaperphospbates 57 

Michigan  {See  United  States). 
" Middlesborough  district"  (Bngland)— 
mining  indostry — 

iron  prodaction 190 

Mignon  A  Ronart  (Paris,  France),  A.  de  Bisschofs  vertical  gas-engine 386 

Milan  (Italy)— 

chemical  industry — 

acid,  hydroohlorio 96 

nitric 86 

sulphuric 96 

alumina,  sulphate    M 

iron  preparations  for  paint 98 

quinine 141,142,148 

soda,  sulphate  98 

soluble  silicates  94 

sulphur 96 

superphosphates M 

zinc,  sulphate    98 

Milo,  Island  of  (Greece)— 
mining  industry — 

sulphur 339 

repressed  by  bad  government,  wars,  eto 389 

Milos  (Greece) — 

mining  industry— 

sulphur 91 

alum  .' 91 

'  *  Mineral  Map  and  Chsneral  Statistics  of  New  South  Wales  "  cited 244 

Mine8ofBouxevillier(Laneuveville,  France),  prussiate  of  potash 87 

Minette,  iron  ore,  definition  of 280 

MINING  INDUSTRIES— 
[NoTB.— TAw  tuljeet  U  itidexsd  in  detaU  under  the  tUles  ctf  the  producing  eountriee^  vis : 
Austria>Hungary,  Great  Britain  (with  Norway, 

Belgium,  .colonies),  Peru, 

Bolivia,  Greece,  Portugal, 

Brasil,  Italy  (witii  provinces),  Boamania, 

Chili,  Japan,  Russia  (with  provinces), 

China,  Lapland,  Spain  (with  colonies), 

Denmark,  Luxemburg,  Sweden, 

Egs'pt,  Malw4M«,  Turkestan, 

Franoe  (with  colonies),  Mexico,  Turkey, 

Germany  (with  Netherlands  (with  colonies).  United  States  (with 

individual  states).  New  Grenada^  individual  states). 

Ai,  oZfo,  Fuel;  Operatives;  Machinery;  Metal- working]. 

Bkpobtom '*MiX]iroIin>U8Tiuii8,'*b>  Jauks  D.Haoub 16:)-3<a 

prepared  in  port  by  GsoBOB  F.  Bkckbb 164 

tableofoontentoof  .     165-170 

classification  of  exhibito  (Group  y,  class  43)   164 

exhibito  showed  Uttle  of  novelty 187,194,196 

prodaction  of  the  principal  mining  countries 171-178 

coal 171 

gold 178 
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MINING  INDUSTRIES— Continued. 

production  of  the  principal  mining  countries- 
iron — 

bir 172 

ore 172 

pig 172 

lead  172 

silver 173 

steel 172 

zinc 173 

world's  production  of  gold ^ 234 

silver 1 234 

coal,  usee  ol^  in  Austria 295 

France 177 

Great  Britain 210,211 

Spain  315 

prices  of  metals 198,107 

■ 

causes  of  flnotnation  in 198, 197 

in  London,  the  standard 196 

for  1860, 1866, 1870-77— 

of  coal 216,217 

copper 216, 217 

iron 216,217 

lead  216,217 

silver 216,217 

tin     216,217 

zinc 216^217 

products   (NOTK — Such  qf  these  products  as  are  prefiaed  by  an  asterisk  (*)  are  further 
indexed  under  Chemistry.] 

adamine 334 

agate 179 

•  alfenide .         19? 

♦alum 175,178 

^aluminium 184 

♦antimony 175,178,179,229,245,283,293,320,321 

*argentan 192 

argentite 271 

^arsenic 191,192,270,298,338 

*  bary  tes 1 175 

•bauxite 178 

•bismuth 293,300,801 

bitumen 178,181 

brass 184,266^321 

bronze 174 

calamine 282,288,286,287,288,289,810^338 

calohopyrites : 264,305 

oassiterite 2S7,34d 

♦cerusite.  ..  288 

♦chromium 191,269,379,337 

cinnabar 245^246.301,303,304 

clay 179.218,219^273.320 

Are 263 

potters*    273 

*  coal  (see,  also.  Fool).  .171, 175, 176^  180, 181, 182, 183, 189, 101, 200, 201, 210, 211, 216, 217, 218, 219, 220, 

225, 228, 229, 241-244, 247. 248, 257, 258, 260, 261, 263, 267, 268, 272, 273, 374, 275. 
276^  277, 278, 293, 294. 295, 306, 307, 308, 313, 314, 315, 816, 820, 340, 344, 487, 440. 

anthracite , 175,257.258,307,330 

artifloiol  fuel 183,  lh7 

bituminous 257,258,307 

bog-head 229,244 

kerosene  shale 229,243,244,243 

lignite 145,175,177,178,247,248,267,293,294,285,807,814,315,320,337,338 

cobalt 145, 175, 178, 191, 247, 254, 288, 269, 270, 293, 300, 801, 813, 320 

collodion 185 
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MININa  INDUSTRIES- Continued.  ^^ 

prodaota — 

*  copper 13, 174, 175, 178, 170, 184, 189, 190, 192, 193, 197, 198^  201, 203-205, 206, 207, 206, 210, 

213, 214, 215, 216, 217, 218, 220, 222, 228, 230, 241, 247, 248, 253, 254, 260, 261, 262, 264. 

265, 266, 268, 260, 270. 271, 283, 287, 293, 306, 307, 314, 319, 820, 321, 323-337, 338, 363. 

♦pyrites    913.178,180,203,204,208,209,237,254,265,318,820 

•diamonds 220,837,344 

•galena 10, 145, 180, 205, 279, 282, 283, 284, 286, 297, 209, 305, 814, 883, 335 

gamierite  (nickel) 101 

*  gold 171, 173, 174, 179, 184, 190, 191 ,  197, 218, 2 10. 228, 22ft-235, 236. 237, 238, 239, 250, 251, 260, 265, 

268, 293, 321, 333, 340, 343, 344, 345, 361 

graphite 145, 178, 170, 106, 247, 250, 265, 203 

iridium 65,66,60,251 

iridoBomine 151 

*  iron 14, 174, 175, 176, 180, 181, 182, 183, 180, 190, 101, 103, 105, 106, 100, 206, 210, 214, 220, 

220, 246, 247, 251, 254, 256, 257, 262, 264, 268, 260, 270, 272, 273, 270, 282, 
293, 297, 300»  307, 308, 313, 314, 316, 317, 310, 320, 321, 333, 337. 338. 343. 

barytes 273 

cast 248,260,261 

ohromio 06,251,250,268 

ore 172,178,100,199 

pig 172,183,200,201,206,226,227,228,220,258,281 

pyrites 0,145,178,170,180,230,265,273,283,320,323,333 

Spiegel 200 

wrought 172,183,257,260,261,306 

Jasper 145,170 

lead 172, 175, 178, 170, 184, 187, 180, 100, 107, 108, 205, 208, 200, 210, 213, 214, 216, 217, 218. 210, 

220, 223, 220, 245, 247. 252, 260, 265, 270, 272, 273, 282, 283, 286, 287, 288, 
203, 298, 200,  C06, 307, 311, 818, 310, 320, 321, 333, 335, 336, 337, 338, 343. 

litharge 184,205,203,335 

•manganese 175,178,179,180,103,266,273,203,306,820,337 

marble • 175,170,806,320 

•mercury 145, 17^  220, 245, 246»  270, 203, 802, 303, 304, 813, 321 

•naphtha 248 

*  nickel 175, 178, 184, 101, 102. 103, 106, 247. 254, 265, 268, 260, 270, 271, 203, 300, 301, 318, 320, 338 

*  ochre   175 

osmium 65, 66, 69 

♦ozokerit 71,72 

•palladium ' 65,66,68.60 

peat  (#««,  ai«o.  Forestry) 178,180,181,263,264,272,307 

•petroleum 244,258,260,293 

*  phosphates 175, 179 

•platinum 65,66,179,247,248,260-252,260,821,344 

*  pyrites 9, 10, 13, 14, 94, 98, 178, 179, 180, 191, 197, 199, 206, 207, 214, 218, 220, 224, 235, 269, 270, 271. 

279, 313, 322-833 

pyromorphite 286 

quicksilver 145,175,229,246,246,270,293,302,303,304,313,821 

•rhodium ..  66,69 

ruthenium 65, 66, 69, 344 

•salt 247,248,259,260,261,293,306,320 

rock 175.178,181 

sapphires 287 

'  sn  ver 13, 14, 171, 173, 174, 178, 179, 184, 187, 197, 198, 207, 210, 216, 217, 218, 219, 229, 234, 235, 

236, 247, 2 18, 252, 260, 265, 268, 269, 270, 271, 283, 286. 293, 
297, 298, 300, 301, 313, 319, 320, 321, 333, 335, 338, 345-361 . 

slate 179,228,320 

steel 172,176,183,196,107,206,257,260,261,282,306,321 

•sulphur 145,175,178,179,181,191,207,247,269,260,306,311,823,837,338 

talc 175 

•tin 145,174,175,178,170,196,198,199,202,203,210,212,213,216,217,218, 

210, 220. 221, 228, 236-239, 247, 253,  254, 293, 320, 321, 340, 341, 343, 343 

•uranium 293, 300, 301 

•vermilion.... 304 

zinc 10, 15, 173, 175, 178, 179, 184, 198, 199. 206, 210, 214, 216, 217, 218, 219, 220, 

224, 247, 255, 260. 262, 265, 269, 270, 272, 273, 282, 283, 286, 287, 288, 
289, 200, 201, 203, 207, 305, 306, 800-312, 813, 314, 320, 321, 333-330. 
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MINING  INDUSTRIBS-<:;<mtinaed. 

machinery,  tools,  etc.,  used  (««e  Machineiy). 
explosives  used  In  mining — 

dynamite,  giant  powder IM 

power  of,  compared  with  gnnpowder 164^186 

experiments  by  Prussian  GoTemment 184 

in  Austria 184,185 

dynamite  gum 185 

nitro-glyoeriue  less  dangerous  than  saltpeter  i»owder 184 

exhibitaof 185 

use  in  Austrian  mines 297 

Portuguese  mines   325 

accidents  in  mines— 

from  explosives 184 

fire-damp 186 

caving  in 180^285 

safety-apparatus,  hoisting-machinery  18S,  188 

lamps 187 

water- 
importance  of  sufficient  supply  229,855 

deficiency  in  Australia 229,235,2S9 

supplied  by  storage  reservoirs  in  Portugal ..    380,391 

at  Laurlum,  by  the  ancient  Greeks 835 

excess  of,  preventa  deep  mining  in  Poland 

difliculties  from,  i£  Itelgium 274,275^278^282,284,1 

overcome  by  pumping-engines  278, 279, 282, 284, 286 

supply  abundant  in  Arizona SS9 

Colorado 856 

Dakota 356 

Idaho 856 

Nevada 356 

Oregon 356 

Sweden  268 

Utah 356 

Washington  Territory 356 

precarious  in  British  Columbia 356 

California 228,356 

Mexico 356 

Montana 356 

New  Mexico K6 

writings,  investigations,  etc.,  referred  to— 

Akerman,  R.,  *'The  state  of  the  Iron  Industry  in  Sweden" 264 

'*Anntuiir€  det  Minet^  d'aprit  le  Servies  det  Minet*' (Fnoioe^ 183 

"AnDual  Report  oftho  Department  of  Mines"  (New  South  Wales) 213,246 

BeIl,LL.,  ^'Chemical  Phenomena  of  Iron  Smelting" 199|,it0te. 

''Bertf' und  nuuenmannishe  ZeUung*' 841,842 

'^BeriehUdsa  DauttehenKonndatsin  San  Fraiieiteo** 345 

Blake,  W.  P.,  "Production  of  Precious  Metals" 845^347,348 

Booth,  J.  C,  estimate  of  fineness  of  California  gold  231 

Boothby,J.,**SUtiBtical  Sketch  of  South  Australia" 239.246 

Broch,  O.  G.,  "Xr0  Royaume  Norv^e  et  le  Peuple  NorvigUn'^   287, 289 

Browne,  J.  Ross,  "Mineral  Resources  of  the  United  States" 845, 849, 3S6 

Briickmann,  "  Jf oj^nolia  D«i"  (on  mining  in  Norway) 270 

Clarke,  W.  B.,  "Mines  and  Mineral  Statistics  of  Now  South  Wales" 229, 230, 231, 245 

"Progress  of  Gold  Discovery  in  Australasia  from  1860  to  1871"  230 

writings  on  tin  deposita 237 

coal  deposits 242 

quicksilver  deposits 245^  246 

GoTdfX\a^  A..f*^LaQrhceturURappoHOMogiqus»tMintrtdogiq^** 338 

''L^LauHum'' 838,384,835,336 

Comet,  on  Belgium  mineral  industries 272 

DoGroot,  C,  account  ofmining  industries  in  Bnnca,  BlUiton,  etc 340-343 

DeLagarde,  D.,  statistics  of  Spanish  mining      313 

Dclgardo,  N.,  geological  investigations  in  Portugal 822,333 

Del  Mar,  A.,  "Report  on  SUver  Production  in  the  United  States" 345^ 858, 858, 380 
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MIKING  INBU8TBIB&-CoDtlnned. 

wiitlngB,  inTMtigatioBfl,  etOM  referred  to— 

Dixon,  W.  A.,  on  the  the  treatmeD t  of  pyrites 285 

Dnmont,  A.,  estimate  of  Belgian  ccud  deposits 274 

"Economist"  (London  periodical),  statisUos,  etc 198,197,213 

Cktfnier,J.,  on  nickel  industry  in  New  Caledonia 191 

experiments  in  nickel- working 191,192,198 

Hay,  SirH.,  estimate  of  British  silver  prodactlon 210 

Hunt,  B.,  "Mineral  Statistics  of  the  United  Kingdom"  (amraal  series) 196, 198, 200, 208, 204, 

206, 207, 208, 210, 211, 212, 218, 214. 218, 844 

"  Indostria]  Progress  of  New  South  Wales  "  (governmental  publication)   288 

Jacohj,"BuM$landi,AMHraU6nt,tMd(ka^orni0nt€htd-I^  84fi,849 

Jjam,"l>uQiiement9td»VEapMtaHondeVOren(kaifornU" 845 

Lipoid,  geological  investigations  in  Camiola,  Austria 301 

Liversidge,  A.,  investigation  of  coal  deposits,  New  South  Wales 242 

Mackenzie,  J.,  estimate  of  coal  yield,  New  South  Wales 242 

* '  Mineral  Map  and  General  Statistics  of  New  South  Wales  " 244 

Moody,  R.W.,  on  coal  lands  of  New  South  Wales 248 

Mulder,  G.  J.,  analysis  of  Bonca  tin 348 

Neumayer,  geological  explorations  in  Greece 332 

"^oeissnir  la  jritiad«iVrit«cunMCMtf«/9.I>omMi^o«'*  (Portugal) 322-831 

*'JfoHo$aur  quslqu*-wne»  dei  prineipaiea  Minea  4e  VJStat  Autriokien**  (governmental 

publication) 296,299,308,805 

yeehar,  J.,'' KohUund  Sism  in  aUm  iMiidern  d9r  Br4$" 294,307,814 

"PetoniMNm'tJrtttftsttum^sn"  (periodical) 171,238.345-860 

Phillips,  J.  A.,  "Mining  and  MetsUurgy  of  Gold  and  Silver" 231,346 

investigation  of  copper-extraction  trom  pyrites  204 

silver-extraction  from  pyrites 204 

estimate  of  zinc  production 214 

Baymond,  B.  W.,  "Mineral  Besourcos  of  the  States  west  of  the  Booky  Mountains;" 
"Statistics of  Mines  and  Mining,"  etc.;  "Silver  and  (^Id;"  "Production  of  SQver 

and  Gold  in  the  United  Statfss,"  etc 235,345,851,352,853 

"Beport  and  Accompanying  Documents  of  the  United  States  Monetary  Commis- 
sion"   345,357,36g 

"Beport  of  the  Select  Committee  (of  the  British  Parliament]  on  Depreciation  of 

Silver" 345.852,857 

Bichthofen,  F.  von,   "iKs  MetaU-ProdukUon    Coi^&mimu    und    der  ofngremenden 

LOnder" 345,347.348,349 

'' Boyaume  ds Susda,  EsBpoBi  StatUtique" 262 

"San  Francisco  Mining  and  Scientific  Press" 342 

Selwyn,  A.  RC,  on  coal  deposits  in  Victoria 241 

Sej'd,  £.,  estimate  of  British  silver  production 210 

ShfUkovski,  C,  *  *  TabUaux  StatUfique  de  VlndiutrUt  ds»  Mines  en  ButHe "    ...  247, 248 

Smyth,  B.  B..  "Gold  Fields  and  Minora!  Districts  of  Victoria  " 280, 246 

Soetbeer,    A.,  '* EdelmetaU  •  prodttktion   und    WerthverhaUnise   Zvritehen    €Md   und 

Sitber" 171,288,284,845-360 

''StatitHquederinduetrieMinSrcae*' 174,178 

SvLeaB,'E.,"Zukm^ftdeaOoldet" 283,845,353 

Thompson,  H.  A.,  on  gold  deposits  in  Australia 231 

Valentine,  estimate  of  bullion  shipments  from  Padflc  States  850, 853, 858 

"Victorian  Year  Book" 288 

Vlaanderen,  C.  L.,  analysis  of  Banca  tin 343 

Wells,  Faigo,  A.  Co.,  estimate  of  bullion  shipments  fW>m  Paoiflc  States.  .346, 350, 853, 854, 355. 358 

Whitney,  J.  D.,"MetaIlio  Wealth  of  the  United  States" 345,346 

Wilkinson,  C.  S., "  Annusl  Beport  of  the  Department  of  Mines,  NewSouth  Wales,  1875" .         230 

writings  on  gold  deposits ..         229 

tin-production 239 

coal  formation 241,243 

Minnesota  (fss  United  States). 
Mississippi  (SM  United  States). 
Misalitz  (Moravia,  Austria) — 
chemical  indastry — 

essential  oUs 110 

carraway 110 
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Misaoloiighi  (Greece)— 
cbemloal  indnstry — 

salt M 

MJaaouTi  (fM  United  Staten). 
Miqaelon  {»ee  France :  colonies). 

mtsaX-Boasaan-KaaSsha  (Tokio,  Jiipan) ,  beeswax,  vegetable  coloring  matter Iff 

Miye  (Japan) — 

oh(  mical  indnstry — 

opium 146 

Models  of  mines,  in  glass 188^189 

plaster 188 

wire 187,188 

metbod  of  oonstmeUon 187, 1^ 

Modom  (Norway) — 
mining- 
cobalt 288 

MoldoTa  (Himgairy)— 
cbemical  industry — 

copper,  snlpbate 75 

soda 75 

snlpbaric  add 75 

M6Uer,  P.  (Cbristianla,  Norway),  cod-Uver  oU 146 

metbod  of  extracting  oil  by  steam 147 

MoUis  (Switzerland)— 
cbemical  industry — 

glue  from  caseine 158 

MONACO- 

CBBICIBTBT  AKD  PnABMAOY- 

products — 

carouba^  sirup 148 

eucalyptus  preparations  146 

orange  flowers,  saccharale 146 

perfumes  prepared  by  a  secret  process— 

from  cassia 145^  146 

musk 145 

orange  flowers  145, 146 

orris 145 

tonqua 145^146 

coumaiine 146 

euenee  concrete  de  caste 146 

Jlnwt  d'oranger 146 

de  rote  de  Provence 146 

principe  odorant  de  Virit 145,146 

dumuee 145^146 

Ifond,  metbod  of  regenerating  sulpbnr  from  soda  waste 40 

Monfalcone  (Austria)— 
cbemical  industry — 

aoatberine  (dentifrice) 106 

cod-liver  oU 108 

MouDet(P.)  ACo.  (LaPlaine,  Switzerland),  cbemical  coloring  matter 156 

Mens  (Belgium) — 

mining  industry—    . 

coal 378;  274,278^856 

Montana  (see  United  States). 
MontebamboU  (Italy) — 

lignite,  analysis  of 307 

Monte-Bexio  (Sardinia,  Italy)— 
mining  industry- 
tine 908^110 

Montpellier  (France)— 
cbemical  industry — 

acid,  Bulpburic 78 

tartaric 79 

alum TJ 

aluminium,  sulpbato r 58^86 
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Montpellier,  Franco— Contiiiaed. 
chemical  bidustry — 

bauxite 79,86 

magnesia ^ 79 

salts 79 

Montreal  (Canada) — 
chemical  indastry— 

potash 77 

Montreail  Fibres  A.  Co.  (Cliohy-la-6arenne,  France),  oorare,  onzarine,  cadmium 118 

Moody,  B.  W.,  mining  engineer,  description  of  coal  lands  in  New  Sonth  Wales,  quoted 243 

Moonta  (South  Australia)— 
mining  industry — 

copper 238 

Moravia  r«M  Austrla-Hun^ifaxy :  provinces). 
Morea  (Greece) — 
mining  industry — 

gold 338 

ixonpyritos   338 

Morean,  P.  (Lille,  France),  mineral  acids,  sulphates,  chloroform,  ether,  tannin 86 

Moreanx  (Anisy-le-Ch4teau,  France),  atrophine,  daturine,  oonidne 118 

Moresnet  (Belgium)— 

mining  industry ^  289,291 

calamine 286,289 

lead 282 

sine 286,291 

calcining  fhmaces 286 

ore-dressing  works 286 

Mori,  R.  (Kochi,  Japan),  indigo  145 

MOROCCO- 

Chbmibtbt  and  Pharmact— 

exhibit 152 

products — 

coffee 152 

colooynth 152 

datura 152 

drugs IB2 

galls   152 

gums 152 

perfumery 1 52 

senna 162 

Morson  (Thomas)  ic  Son  (London,  England) — 

creosote,  pOocarplne,  acids,  salts 180 

pepsina  porci 181 

Mortensen  (Sweden),  apparatus  for  prospecting  for  ores  by  botlng 266 

Mo.Hcow  (Russia) — 
chemical  industry — 

acids 95 

alkalies 96 

citrates 95 

garancine 96 

glycerine  capsules 150 

protection  for  leather 150 

soda 96 

sulphates 9ft 

sulphur r •* 

Moulin,  L.  (Saint  Denis,  France),  cyanide  and  prussiate  of  potassium,  salts  of  tin,  caostic 

alkalies 87 

Moustler  (Belgium) — 
chemical  industry- 
soda 76 

Mouton  (J.)  St  Sons  (The  Hague,  Netherlands),  chemical  and  phannaoeutical  preparations, 

qulnetum 140 

Mouysset  (Paris,  France),  extracts  fh>m  plants 117 

Mulaton&Co.  (Lyons,  Franco),  tartaric  and  citric  acids,  salts 86 

Muldrr,  Prof.  0^.  J.,  analysis  of  Banca  (Dutch  Bast  Indies)  tin 848 
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HttllerBroB.  (Bmim,  AustriA)  essential  oOs 110 

MiiUer-JiMsobs,  Dr.  A.  (Zurich,  SwitzerUnd),  Baocedaaeaxii  for  oil  in  dyeing  Turkey  red 166 

Mnrchiaon,  Sir  B.  L  (England),  prediction  (1844)  that  Anstnilla  woold  be  a  gold-prodneing 

oonntry » ; SSI 

Morda,  Province  of  (Strain) — 
mining  industry- 
lead 813 

zinc 314 

Iron 315^818 

Murlo  (Tuscany,  Italy)— 
mining  industry- 
lignite  808 

Muspratt  (Leeds,  England),  ammonia-soda  mannflfcotnring  process 44 

liycone,  Island  of  (Greece) — 

manganese  deposits 54 

Kadal,  S.  (YiUanaeva  de  U  Baroat  Lerida,  Spain),  soda  ash 96 

Ifaes  (Norway)— 
mining—. 

iron  ore 888 

Namur  (Belgium) — 
mining  industry- 
coal  878,274,275 

Nanoy  (France)— 

chemical  mannfaoture^ 

soda 44,46 

Naphtha  (aM  Mining). 
Naples  (Italy)— 

chemical  industry — 

cream  of  tartar,  ftvm  the  myrtle 142 

mannite,  from  the  olive 148 

Narbonne  (France)— 
chemical  industry — 

sulphur  preparations  to  destroy  phylloxeca 78 

Narrow-gage  roads  («m  Railways). 

Nasr-Eddin,  Shah  of  Persia,  collection  of  ohemioals,  dmga,  henna,  aalTron,  tobacco,  opium,  wines .         151 

Nattivelle,  C.  A.  (Paris.  France),  digitaline 118 

Navarra,  province  of  (Spain)— 
mining  industry — 

lignite 315 

Naxos  (Greece)^ 

chemical  industry — 

salt n 

Neddivattum  (British  Indian- 
forestry — 

cinchona  cultivation 1S8 

Negri  Tapong  (Sumatra,  Netherlands  colony)— 
mining  industry — 

tin 848,844 

Nellgherry  Hills  ^British  India)— 
forestry— 

cinchona  oultivation 188,139 

Nelson  province  (Now  Zealand) — 

gold  mining 283 

Nesle  (France) — 

ohemioal  industry- 
potash,  from  beet-root  sugar  residues 1 81 

salts,  from  the  same 83 

NETHERLANDS  ($€e,alio,  Amsterdam;  Hague;  ZwoUe). 
Chimistbt  and  Pbabmact— 

exhibit : 92,140,141 

exhibitors,  number  of ...  * 7 

awards,  number  of 7 

condition  of  the  ind  ustry 92 
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NSTHBBLANDS— ContlBiied. 
Chemibtbt  and  Phabmact— 
manufikotarea — 
a4sid»— 

hydrotdilorio 92 

nitric W 

fulphurio 98 

ammonia,  snlphfttd 92 

carbon,  biaolphide 92 

cinchona  bark 141, 

iron,  sulphate 93 

peptones 140,141 

qninetnm 188^140 

soda,  solphate 92 

stearine 92 

aaperphoephatea 92 

yanilla,  vaniUine 14} 

importa:  cod-liver  oil  from  Norway 148 

opeiativee:  nomber  employed 92 

Clocks  and  Watchbb^ 

exhibit 405 

IClNIKO  iHDUBTBm— 

no  native  minerals 340 

prodaotion  and  consamption— 

coal 226 

copper 222,261 

iron 261,281 

oaat 261 

wrought 261 

lead 228 

IMat 840 

pyrites 224 

steel 261 

tin 212,221 

zine 206,214,224 

exports- 
copper— 

to  Russia 361 

iron- 
to  Belgium 281 

Bnssia 261 

lead- 
to  Great  Britain w 228 

pyrites— 

to  Great  Britain 224 

steel- 
to  Bussia 261 

tin 212 

toGreat Britain 212,221 

rinc — 

to  Great  Britain 206,214,224 

imports — 
coal— 

from  Great  Britain 225 

copper— 

fh>m  Great  Britain 222 

iron— 

from  Belgium 281 

EAST  INDIA  COLONIES  (tM,  al90,  individual  colonies,  heUno)-^ 

collective  exhibit 141,340-844 

of  chemistry  and  pharmacy 141 

mining  and  metallurgy 340-344 

account  of;  by  C.  de  Groot 340, 341 

geological  formation 840,841 
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KBTHERLANDS— Continaed. 
BAST  INDIA  COLONIES— 

MXIIIKQ  IKDU8TBIB&— 

ooal 340,844 

diamondB 344 

gold 840.344 

plathmm 344 

tin 212.340 

mined  by  Chinese  labor 340,342,844 

worked  by  Dntch  Government 342 

BANCAx 

MlNnrO  IKDUSTBIBB— 

gold 343 

magnetite , 348 

tin 340,341-343 

price  in  London 216 

production 230^348,344 

purity 340,342 

analyais 848 

mined  by  Chinese  labor 340, 342 

number  of  operatlvee 342 

geological  ocourrenoe 236^341 

methods  of  working,  processes,  appUaaces— 

prospecting:  Chinese  boring  apparatus 341 

open  workings 341 

reducing  the  ore:  ftun&ces:  Chinese 341,342 

Ylaanderen's 341,342 

reverberatory 342 

worked  early  by  natives   342 

since  1816  by  Dutch  Government 342 

geological  formation 34 1 

BILLITON— 

MmDro  iMDUSTsae— 

galena 843 

stockwerke 843 

tin-> 

production  202,238,840,848.344 

geological  formation 2861,341,343 

discoveiy  of  deposits  (1851) 348 

purity  of 343 

worked  by  a  stock  company 348 

Chinese  labor 343 

tungsten 348 

BOBNBO- 
MraniG — 

coal 344 

diamonds 844 

gold 844 

itaoolnmite 34i 

platinum 844 

ruthenium 844 

CBLBBBS  ISLANDS— 

MlRIHO— • 

gold 344 

platinum 344 

ruthenium 344 

JAVA— 

CHBIDBTBT  AMD  PhaBXACY— 

cinchona  bark 141 

vanilla 60,141 

FOBieTBT— 

dnchona  tree  acclimated 141 

varieties  grown 141 
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NETHERLAl^DS-Gonttaned. 
EAST  INDIA  COLONIES— 
KAKIHOU— 

oassiteiite 313 

KASSAEOTJTA  (Molnoca  Islands)^ 
Mmma — 

gold 344 

platinam 844 

ruthenium 344 

BINGKBP— 

cassiterite    343 

SUMATRA— 
MnnNG— 

gold 844 

tin 843,844 

Chinese  labor  employed 344 

COLONIES- 
GUIANA— 

Chskibtbt  and  Pharmact— 

oil  of  green  turtle  14 1 

NeuchAtel  (Switcerland)— 
chemical  industry — 

artificial  carbon  diamonds 150 

boron  diamonds 166 

diamantine,  for  polishing  Jewelry 156 

National  Obsenratory — 

obserrations  on  watches 412 

Nenmayer,  Dr.,  geological  investigations  in  Greece 332 

Nerada  (tee  United  States). 
Newark,  N.  J.— 

chemical  industry — 

essential  oils — 159 

New  Brunswick  (SM  Qreat  Britain :  colonies:  Canada). 
New  Caledonia  (tee  France:  colonies). 
Newcastle  (England)— 
mining  industry* — 

ozokerit  deposits  in'coel  mines 71 

chemical  industry — 

magnesia,  carbonate 91 

potash,  chlorate 90 

satin  white  from  barium  carbonate 90 

soda  ash 90 

Newcastle  (New  South  Wiles,  Australia) — 
mining  industry — 

coal 242 

NEW  GRENADA— 
MnoKo  Indubtby- 
gold- 
production 178 

New  Hampshire  (tee  United  States). 
New  Jersey  (aee  United  States). 
New  Mexico  (»ee  United  States). 
New  Orleans,  La. — 
forestry- 
pine  products,  turpentine 160 

street  railways — 

fireless  motors  used  on 466 

New  South  Wales  (eee  Great  Britain:  colonies:  Australia). 

New  South  Wales  Shale  and  Oil  Company  (Sydney,  Australia) ,  illuminating  oil 244 

Newton  (England)— 
chemical  industry — 

soda 44 

New  York  (tee  United  States). 
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K6W  York,  city  ot,  N.  T.— 
ohemical  industry — 

•Ikathiepta MO 

azle-Krease ISB 

borax '. M^lfil 

camphor 9^161 

caator^il 161 

epcomaalts M^lOl 

erigeron^oilof 15© 

essential  oils  157,150 

extracts 197 

lead,aoetate  100 

leather  dressing 100 

labricating  oils IM 

lubrioine 199 

mineral  waters  and  apparatus 150 

morphia 100,161 

peppermint^  oil 150 

perftimes 160 

pills 156,150 

tagar  coated 157,156 

plasters 160 

potasbinm,  bromide 100^161 

iodide 100 

qnlnia,  Tslerianate 100 

saltpeter 00,161 

strychnia 100,101 

tanning  preparaUona 160 

toQet  articles 160 

tarnish 160 

vaseline 161,162 

manufiwtares— 

doeks 405 

railway  apparatus  mannflictured — 

streetcars ^ 461 

street  railways— 

flreless  motors  nsed  on 461 

New  Zealand  («m  Qreat  Britain:  colonies). 
NICARAUGUA— 

Chkmxbtbt  and  Phabmact— 

exhibit 156 

products'— 

annoto 1S6 

cacao  155 

caoutchouc 156 

caahewnnts  156 

cinchona  bark 155 

copaiba  155 

copalchebark 156 

crocodile  musk ' 156 

gutta-percha 155 

indigo 156 

liqnidambar 155 

nacaacola  bark,  for  tanning lU 

nanclte  bark,  for  tanning 155 

sarsaparilla 153 

starch 155 

vitivert 155 

war,  vpgotablo 155 

Nickel  {tee  Metal* working j  cUto,  Mining). 

Nickels  (Nancy,  France),  ammonia-soda  mannfactaring  process 44 

Nicotera  dk  Ca  (Italy),  sulphur 03 

Niotzki,  investi{;ation  of  c>  anides  of  sodium  as  by-products  of  soda- works t 00 

Nyni-Novgorud,  Government  of  (European  Kiissia) — 
mining  industry — 

iron 256 
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Nure-TAguilsk  dUtrict  (Ural  mountains,  Rossia)— 
mining  industry- 
platinum 251 

Nitro-glycerine  (tee  Mining:  ezplosives). 

Nobel  (Copenhagen),  inventor  of  dynamite-gun  (explosive) 186 

Nobel  &  Co.  (Grermany),  dynamite 184 

Nocq  Fils,  Pommier,  &Co.  (Noyon,  France),  sulphate  of  alumina,  alum 86 

Nogent-8nr>Mame  (France) — 
chemical  industry — 

salts  of  cinchona  alkaloids 117 

quinine,  sulphate 117 

exi>ort« 117 

Nordhansen  (Saxony) — 
chemical  industry — 

fuming  sulphuric  acid 22,25,27,73 

North  British  Chemical  Company  (Glasgow,  Scotland),  salts  distilled  fh)m  sea- weed  charcoal, 

soda,  potash,  acetic  acid,  chlorlcalcium 90 

North  Carolina  (tee  United  States). 
Northern  Railway  Company,  France- 
salon  passenger  car  exhibited 447 

receipts  firom  traffic 424 

Northwestern  Railway  ComjMmy  (England),  express  locomotive 443,444 

illustration  of 444* 

Northwich  (England) — 
chemical  industry — 

soda 46 

''Notieettir  la  Mine  de  Pyrite  eurieute  de  8.  Domingoee"  (Portugal)  quoted 322-331 

''Notice  eur  quelque-unet  det  prineipaXet  Mineede  Vital  Autriehxen^'  (governmental  publica- 
tion), cited  296, 299, 303  note,  805 

Nottawa,  Mich. — 

chemical  industry — 

essential  oils 159 

Novara  (Italy) — 

mining  industry — 

iron 308 

Nova  Scotia  («e«  Great  Britain:  colonies:  Canada). 

NOR  iV  A Y  («M,al«o,  Andoe  Island,  Eongsberg,  Snarum, 

Bergen,  Loffoden  Islands,  Sondmore, 

Christiania,  Modum,  Stavanger, 

Christiansund,  Naes,  Telemark, 

Ekersund,  Ringerike,  Troms5, 

Finmarken,  Roeraas,  TondhJem, 

Fredriksstadt,  Romsdalen,  VestQord). 

Grefvenfts,  Saetersdal, 

Chemistry  akd  Pharmacy— 

exhibit,  chemical 94,1^ 

pharmaceutical 146-149 

exhibitors,  number  of 7 

awards,  number  of ". 7 

condition  of  the  industry 94 

checked  by  want  of  fuel 94 

manufacturea— 

cod-liver  oil  (xm,  alto,  Fishery,  b^Ioto) 146 

for  medicinal  use 147, 148 

^'olewn  jeeoritCLtMUi  fiavum'' 148 

mannfaotuiing  purposes 148 

tuning 148 

oxalio  acid,  from  sawdust 95, 146 

soda 95 

production  and  consumption— 

cod-liver  oil 143 

pyrites 9 

fuel  used  in  manufactore— 

coal  (wanting) 94 

.    40  P  E — VOL  4 
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NOKWAY— Gontinned. 

Chehibtrt  and  Puaumacy^ 

prodncts,  by-products,  matcrial»— 
acids- 
hydrochloric 

nitric «e^l4« 

oxalic «e^l46 

salphnric 96^146 

ammoniocal  salts ' 14C 

blacking 146 

cod-llveroil 129.146>149 

hydrochloric  acid 96,146 

ink 146 

nitric  acid 95»146 

oxalic  acid 06^146 

potassa,  bichromate 96 

pyrites 9 

salts,  ammoniacal 146 

soda 95 

sulphuric  acid 95^  146 

axports — 

cod-liver  oil 147 

to  Belgium 146 

France 146 

Germany 148 

Great  Britain 129,1-18 

Italy 146 

Netherlands 148 

Bussia 148 

United  States 148 

FlSHBRIBS— 

forced 146-149 

at  Bergen 146^147 

Findmarken 146,147.148,149 

Sondmoreand  Romsdalen 146^147,148 

YestQord  and  Loffoden 146,147 

herring ^ 146 

mackerel 146 

products— 

cod-liver  oU 146-149 

for  medicinal  use  (tee  Chemistry,  above). 

manufacturing  purposes 147,148 

tanning 148 

refuEe  for  m  anure 147, 148 

number  of  fisherman  employed 147 

Machi>'SBY— 

metal-working — 

silver  refining  furnaces 271 

mining- 
ore-dressing  271 

Mcnxo  Industries— 

report  on 267-271 

exhibit :.  270,271 

geological  formation 267, 268 

condition  of  the  industry 269,270,271 

coal  practically  wanting 267. 268 

cobalt 269,270 

yield 269 

smelting  works 270 

copper 289,270 

yield 269 

smelting  works 270 

gold 268,269 

iron 269,270 

yield 269 

smelting  works 270 
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KOBWAY— Continued.  Page. 

MmiKO  IKDUBTBXVB— 

nickel 2W,  270, 271 

yield 269 

■melting  works 270,271 

sayer 269,270,271 

yield 269 

smelting  works 270,271 

{wodnction  and  oonsnmption— 

argentite 271 

anenio 270 

ohrominm 269,270 

coAl 268,269 

cobalt 268,269,270 

gold 268,269 

graphite 268 

iron 268,269,270 

oast 281 

wronght 261 

chrome ., 268 

lead 268,269.271 

meicnxy 270 

nickel 268,269,270,271 

pyrites 9,214,224,269,271 

salt 261 

sUver 288.269,270.271 

steel 261 

zinc 224,269,270 

exports^ 

IxtmtoBossia 261,269 

nickel  toGrermany 271 

OieatBritain 271 

pyrites  to  Great  Britain 214,224 

salttoBassia 261 

steel  to  Bossia 261 

zinc  to  Great  Britain 224 

imports- 
iron 289 

IToyon  (France) — 

chemical  industry— 

alnm 86 

alumina  sulphate 86 

Kugnes.  A.  (Saint-SanlTe-los-Yalenciennes,  France),  potash  from  beet>root  sugar  residues,  soda.  83 

K'yland,  Govemment  of  (Finland,  Bussia)— 
mining  industry— 

coppOT 253 

iron 257 

Oberhausen  (Bhenish  Prussia,  Gennany)— 
mining  industry— 

rolling-mill 287 

blende-roasting  furnaces —         287 

Oceanica  (sm  France :  colonies). 
Ochre  (se*  Chemistry ;  dUo,  Mining). 

Oesterreiolier  Yerein  f^r  Cbymische  und  Metallurgische  Production  (Anssig  and  Kralup,  Aus- 
tria)— 

manufacture  of  soda  products 74 

exhibit 74 

works  and  production 74 

Ohio  (SM  United  States). 
Oikusz  (Pohmd,  Bussia)— 
mining  industryr— 

zinc 256 

Olmutz  (Morayia,  Austria)— 
chemical  industry — 

metallic  saccharates -         109 

soap 109 
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Olonetz,  GovernmeDt  of  (European  Rasfiia) — 
mining  industry — 

coal,  anthracite 

iron 

Ontario,  a  provinco  of  Canada  {tee  Great  Britain:  colonies:  Canada). 
OPERATIVES— 

number  employed— 
chemical  industry — 

in  Austria-Hungary 74^109 

Belgium 76 

Denmark 77 

France 76,80,82.84.88^116,120 

Great  Britain 88.90 

Italy 92,93,09 

Netherlimds 92 

Russia 95,96,150 

Switzerland 97 

fishing— 

in  Norway 147 

mining  and  metallurgy- 

Austria-Hungary 292,295^299,804 

Banoa,  Dutch  East  Indies  (Chinese) 842 

Belgium » 278,282,289 

France 174,180^181,182 

Italy 812 

Russia 260 

Spain 314.315 

Sumatra,  Dutch  Bast  Indies  (Chineoe) M4 

■  Sweden 264 

railways- 
England  427 

France 427 

Prussia 427 

watch*maldng— 

United  States 409.411 

women  as — 

chemical  industry — 

Russia 05 

mining  industries — 

Austria-H  angary 292, ! 

children  as — 

mining  industry — 

Austria-Hungary 298,1 

wages — 

chemical  iifdustry— 

Great  Britain » 

mining  industry- 
Belgium  

France , 180,182 

Great  Britain 197 

Portugal 826 

United  States,  to  whites 849 

Chinese 849 

lowered  by  silver  depreciation SS5 

work  performed  by— 
chemical  industry- 
Germany 47 

mining  and  metallurgy- 
France 174^180,182 

watch-making — 

Switzerland 411 

United  States 411 

expedients  to  economize  labor- 
chemical  industry S 

France  slow  to  adopt  them 78 
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OPEKATIVES-^onttnaed. 

expedients  to  economize  labor- 
chemical  indostry— 

Germany 48 

Great  Britain 82, 80, 39^  S» 

foundry  work ;  molding — 

United  States 398 

watch-maildng  by  machinery- 
United  States *. 408 

provision  for  the  welfare  of— 

Compagnie  des  Mines  d' Anzin,  France 183 

Idria  mines,  Austria 304 

Pribram  mines,  Austria 299 

Saint Domingos mines,  Portugal. 330,331 

Schneider  Sc  Co.,  Creusot,  France 195 

Soci6t6  Anonyme  de  Bleyberg-es-Montsen,  Belgium 286 

des  Mines  et  Fonderies  de  Zinc  de  la  Yieille-Montagne,  Belgium 289 

opposition  to  new  methods  of  manufacture— 

Switserland 412 

dangers- 
mining  accidents 184,188,285,326 

explosions 184,186 

guarded  against  by  safety  apparatus 1 85, 186, 187 

staye  labor- 
in  mines  of  ancient  Greece 331, 836 

Chinese  (coolie)  labors- 

in  gold  and  silver  mining,  in  United  States 849,356 

tin  mining,  in  Ihitch  East  Indies 340,342 

Banca 342 

Billiton 843 

Sumatra 344 

Malacca 1 212 

Oran,  a  department  of  Algeria  {tee  France :  colonies :  Algeria.) 
Orebro  (Sweden) — 
mining  industry- 
zinc  blende  265 

Oregon  {tee  United  States). 

Oregon  State  Commission,  linseed  oil,  oil-cake 162 

Orel,  Grovemment  of  (European  Russia) — 
mining  industry — 

iron 256 

Orenburg,  Government  of  (European  Bussia) — 
mining  industry- 
copper 253 

gold 249 

iron /. 256 

chromic 259 

Osmium  {tee  Metal-working;  alto  Mining). 
Otago  province  (New  Zealand) — 

gold  mining 233 

Otto  (Paris,  France),  silent  gas-engine 384,385 

Ouchko£f,  P.  (Yelaboug,  Russia),  alum,  acids,  potash,  etc 9&,96 

exports  to  Asia 90 

OuUft,  Government  of  (European  Russia)- 
mining  industry- 
copper 253 

iron 256 

chromic 259 

Ourmiak  (Persia)— 

tobacco , 151 

Oviedo,  Province  of  (Spain)— 
mining  industry— 

coal 814 

iron 316 

lignite 315 
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Ozalio  acid  (ue  Chemistry). 

nsedin  beet-root  sugar  manaiactare • OS 

belief  in  its  poiBonons  proDerties  erroneous 03 

Oxyantbracene,  definition  of 101 

Osokerit  (tee  Chemistry ;  aln  Mining). 

Paisant  Sc  Co.  (Poo t-l' Abb6,  Finistdre,  France),  iodides,  bromides,  etc.,  trom  kelp 81 

Palencia,  Province  of  (Spain) — 
mining  industry — 

coal 814 

Pallial  (Portugal)— 
mining  industry — 

copper 319 

Palladium  (<e«  Chemistry ;  cUto  Metal- working ;  ako^  Mining). 
Panchot  ( Aveyron,  France) — 
mining  industry- 
rolling-mills  287 

Pandemia  (Asia  Minor)— 

borate  of  lime  deposits 52 

Pantano  (F.P.)  &Son  (Assoro, Italy),  sulphur IKI 

PAPER- 
materials— 

aluminium  sulphate  replacing  alum 57 

zinc  sulphate,  forsizing 58 

machinery — 

engine-tub 802 

Fourdrinier  machine 890 

numbering  machine,  for  notes,  tickets,  eto 394 

printing  presses 892,883 

type  composing  and  distributing  maohines 898 

Paris  (France) — 

chemical  industry — 
acids — 

acetic —  86 

benzoic 84,87 

galUc 85,80^119 

hydrocyanic 87 

hydrofluoric 87 

nitric 87 

osmic 86 

pyrogallio 88^119 

raoemio 120 

saUcylio 121 

sulphuric 20,87 

alantine 118 

alizarine 118 

alkaloids 117,120 

atrophine ...116^119,120 

ayenine,  from  pericurp  of  oata 71 

barium,  binoxide 85 

chlorate 86 

baryt«  — 119 

benzophenon B5 

bismuth 85,86^118 

bleaching  preparations 86 

bromine 88 

cadmium,  iodide 119 

salts fi» 

sulphate 119 

caffeine 119 

calcium,  phosphide 86^119 

camphor 83,120 

cannabine 126 

cantharidlne « 118 
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Paris  (Franoe)— GontiiiiiecL 
chemical  industry— 

chloral,  alcoholate 120 

amylio ]20 

ethylio 127 

hydrate 120 

methylio 120 

propylic 120 

chloroform 117 

codeine 119 

cnbebs,  preparations  of. 117 

cyanides 62,70,80 

dambonite 118 

datarine 116 

digitaline 116,119 

elaterine ^ 119 

erythrlt 86,118 

erythrophleine 125 

eserine 119 

ether 117 

eucalyptus,  preparations  of 117 

formates 121 

ftuit  extracts 117,120 

gallinm 81 

glucose 118 

glycerine 121 

gold,  chloride 86 

guaranine 120 

hematosine 118 

berapathite  120 

hyoscyamine 119 

igasorine 120 

indigotine 86,  U8 

iodine 83,121 

iron,  Michel's  ("/er*«nati^ii«") 121 

phosphates 121 

Quereune*s 121 

Jalap 120 

"jarel  water"  (for  bleaching) 81 

kamaline 119 

laotAtes 121 

leucine 118 

mannite 118 

meconine 119 

menispennine 119 

morphine 119 

narceine 118 

nickel,  sulphate » 87 

oil  of  orris 116 

roses 116 

osokerit 72 

paUadinm,  chloride 86 

paraootlne 119 

paraffine 72,116 

pepsin 120,121.122 

peptones : 122,123 

phenol 117 

photographers*  materials 85,116 

phthallio  anhydride 120 

piUs 117,120 

pilocarpine 116,120 

platinum,  chloride 86 

cyanide 86,119 

potassa,  permanganate 85,121 
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Paris  (France) — ContiBned. 
chomical  industry — 

potassium,  bromide 83 

oyonide « 87 

suits 83 

powders 117 

quinine 117, 120 

scsmmony,  resin 116^120 

sUicon 1J9 

siver,  nitrate   88 

soda 44,87 

sodium,  nitro-prosside 121 

strychnine 120 

sulphur  products 79 

for  destroying  phylloxera 79 

superphosphates S7 

tannin.....* 88,119 

tartar  emetic 119 

thallium  salts 85 

thebaine 119 

toilet  articles 109,  U4, 115 

triphenylmethan 85 

tyrosine 118 

uranium  salts 85 

urea 65 

vanilli  ue 120 

vaseline 118 

sine,  sulphate 87 

apparatus  used  in  chemical  manuiboture 79, 87, 117 

clock  and  watch  making- 
clocks 406 

watches 407 

machinery  manufacture — 

machine  tools 886 

metal-working— 

planers 894,395 

geor-outters 395,398 

paper-working 382 

printing-presses 392,393 

type  composing  and  distributing !?*. 898 

numbering 394 

steam-engines 878, 379*,  380. 381* 

stettn-generating  apparatus  (by  petroleum,  naphtha,  etc) 3K-387 

manufactures — 

fancy  articles,  ^^articlet  de  Paris,^'  jewelry ® 

railway  apparatus  manuf^tured— 

locomotives 438, 434* 

passenger  cars 447 

compressed-air  motors  for  street  railways 461, 4ffii*,  463*,  464* 

mines 461 

fircless  locomotives  for  strfet  railways 462;  468, 465*.  466 

mining — 

early  use  of  coal 176 

slaughter-houses,  refuse  from,  used  in  chemical  manu&cture 64,87 

tramways  of— 

street-cars  use^l  upon 450-461 

Ceinture  Bailway — 

transported  passengers  to  the  Exposition 467 

TTestinghouse  air-brake  used 467 

Paris  Exposition  {»ee  International  Exhibitions). 
Paris,  Lyons,  and  Mediterranean  Railway  Company- 
locomotives  exhibited  by 435,436.487 

illustration 436* 

Pavia  (Italy)— 

chemical  industry — 

quinine,  valerianate 141 
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"Payable,'*  Australiaiiproyinoialum.  use  of..  229,230 

Pease,  P.  S.  (Buffalo,  N.YO.Ulamiiiatiiig  and  lubricating  oOb 160 

Peat  (MS  Mining). 

Peobar,  J.  (Austria),  his  work,  ''KohJU  und Eiten  in aUen  LSndem  der  Erde,'*  cited 294, 307, 314 

Pecbiney  &,  Co.  (Salindres,  France)— 

method  of  ayoiding  cyanides  in  crude  soda 38 

soda,  magnesia,  potash,  sulphur 84 

aluminium 85 

pyrites  mines  In  Gard  and  Arddohe 84 

salt  works  at  Girand 84 

Pelletier  (Nogent-sur-Mame,  France),  discoverer  of  quinine 117 

Pellieux  d^  Has6-Launay  (E^erhuon,  Finist^re,  France),  iodine  from  sea- weed,  vareoh,  potash, 

bromine,  etc 82 

Penang  (tee  Great  Britain:  colonies:  Stndts  Settlements). 

Pennsylvania  (sm  United  States). 

Pennsylvania  Bailroad  Company  use  signaling  system  of  Saxby  Sc  Farmer,  London,  England. . .  468 

Pereira,  Mario,  dtCo.  (Pisa,Italy),  sulphur,  bisulphide  of  carbon 93 

Perm,  Government  of  (European  Russia) — 
mining  industry — 

coal 258 

.copper 253 

gold 249 

graphite 250 

iron  256 

chromic 259 

nickel 254 

platinum 252 

Perret,  :fi.  (Paris,  France)— 

amorphous  quinine 117 

pepsin,  pancreatic  preparations,  bromide  of  camphor,  crude  quinium 120 

pepsin,  pepsin-diastase 121, 122 

pyrites  burner 11 

rotary  furnace  for  producing  sulphurous  add 13 

Perret,  Edward  Favre  (Switserland),  Judge  at  the  Centennial  Exhibition,  1876,  report  on  machine^ 

watch-making  in  the  United  States,  referred  to 411 

PEBSIA  («M,  alto,  Kasbin,  Ourmiak,  Shirac). 
Chkmibtbt  and  Phabmacy— 

exhibit 151 

exhibitors,  number  of 7 

awards,  number  of 7 

products — 

assafoetida 151 

oastor-oil  beans 151 

cumin 151 

henna - 151 

mode  of  coloring  the  hatr  with 151 

indigo 151 

madder 151 

mallows 151 

manna Iflil 

nutgalls 151 

opium 151 

pistachio  nuts 151 

reng 151 

saflh>n 151 

tobacco 151 

wines 151 

PERU  {tee,  alto,  Antofogasta,  Garavaya). 
Cbsmibtbt  akd  Phabmact— 

exhibits 97,156 

products,  materials — 

cinchona 117,137,138 

coca 155 

cochineal 156 

iodine 55^78,87,165 
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PERU— Continaed. 

Cheuistby  and  Pharmacy— 
prodnots,  matoriala — 

ealtpeter  (<M, alto, soda,  nitrate) 88;07 

soda,  chloride 37 

nltirate 97,5^97,166 

Tanllla 156 

manufiEboturea — 

aoda,  nitrate 87 

agovenunent  monopoly 27,  SB 

price  inoreaBed 1 28 

iodine,  by-product  of  soda  works 56 

competition  with  Boropean  product 55^56^78 

exports— 

cinchona  berk,  to  France 117 

iodine 56 

saltpeter 28 

soda,  nitrate,  to  Great  Britain 27 

MlNIKO  INDUBTEY— 

silyer  production 173 

tin  deposits 286 

exports  to  Great  Britain '. 212^221 

Ratlwayb— 

Fairlie's  (Bnglish)  douUe-boiler  nairow-gage  locomotives  used  on 452*,  453 

Pomgia  (Italy) — 

chemical  industry— 

Asporagine 142 

Pesaro  (Italy) 

chemical  industry — 

sulphur 23 

"P0termann'«ir{ttft<aufi9«n"  (periodical)  cited  171, 288  noCs,  34ft-a60 

Petit-Bourg  (Seine-et-Oise,  France)— 
railway  apparatus  manu&ctured — 

portable  iron  tramway  for  mines,  farms,  fsctories,  etc 457-460 

illustration  of  cars  for  mines  and  quarries 458*,  468* 

joint  in  rails 467* 

rails •• 467*,458* 

tramway  in  operation  on  sugar  plantation 468* 

Petrie,  W.  (England),  chemical  engineer,  designed  apparatus  for  HUtnung  solphnrlo  add 86 

P6trukoy,  Government  of  (Poland,  Bussia)— 
mining  industry — 

iron 256 

coal 238 

Petroleum  (ue  Chemistry;  alto,  Mining). 
Petrowitz  (AuMtria)— 
chemical  industry — 

sulphuric  acid 73 

Pettau  (Styrio,  Austria) — 
chemical  industry- 
sulphur 75 

saltpeter 75 

Pfei£fer,  utilization  in  glass  manu&cture  of  residaes  flrom  chloride  of  potassium  manaftcture. .  3] 

Pharmocio  Centrale  de  France  (Paris  and  Saint  Denis),  manuflustore  of  general  chemicals, 

pharmaceutical  confectionery,  proprietary  articles 118,118,120 

PHARMAC Y.    [NoTB. — Foreonvenunes of  r^trtnct,  pharmaomitioal  maUen  ar»ineitMl«d  vindgr 

the  head  ({/'Chemistry  and  Pharmacy.] 
Pharmacy,  "Elegant"  (m«  Chemistry :  manufibcturea,  etc.). 
Phelps,  N.  Y.— 

chemical  industry — 

oil  of  peppermint 1?8 

Philadelphia,  Pa.— 

chemical  industry 88 

ammonia,  sulphate 66^181 
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PhfladelphlA,  Pa.— Oontinned. 
chemical  industry — 

amyl,  nitrate 167,101 

berberine,  salts 100,157 

borax IflO 

eamphor,  monobxoiiiide .99,157,161 

odors 98 

oosmoUne 161,102 

eUxlxs 168 

extracts 157 

glycerine 99 

glyoyrrhizine 160 

.  iron,  dlalyzed 158 

Jervia 160 

licorioe-root  extract 160 

oU 98 

for  eewing-maohines 169 

pepsin 168 

petrolenm 98 

pharmaceutioal  nrtioles 98 

perfumes ••  98 

puis 167,158 

sugar 167,158 

potash,  pmssiate 99,161 

powders 168 

soap 98,160 

vegetable  maUria  mediea  of  the  United  States,  ooUeotion  by  the  PhiladcQphia  College 

of  Pharmacy 167,168 

iwftnnfaotores~ 

watoh<cases 405 

railway  apparatus  insnnfactared— 

street-cars 461 

cast>iron  oiff>wheels 469 

Philadelphia  and  Beading  "Railroad  Company,  anthracite-binning  ft«ight  locomotiye  exhibited .         469 
Philadelphia  College  of  Pharmacy  (Philadelphia,  Pa.)— 

collection  of  entire  TegetablefiMiterianMdioa  of  United  States 167,169,162 

presented  to  the  Ificole  Sap6rieure  de  Pharmacie  de  Paris 167 

Philadelphia  Exhibition  (m«  International  Bxhibitlous). 
PhilippeTille  (Belgium)— 

pyrites  mines 80 

Phillips,  J.  A.  (Widnes,  England)— 

investigations  of  copper  extraction  from  pyrites   204 

silver  from  pyrites 209  note 

estimate  of  sdno  production 214 

his  "Mining  and  Metallurgy  of  Gold  and  Silver  "cited 231,345 

Phcenioians  (ancient) — 

mining  operations  in  Portugal 323 

Phosphates  («m  Chemistry ;  tUto^  Mining). 

Phrabat  Somdelja  Phra  Paraminthara  Maha  l^oola  Langkarana  Bodinthara  Thopbcija  Maha 
Mangkut  Burusi^a  BatanarAtschA  Bauiuongsa  Uarutama  Phougsa  Bariphat  Yarakati^a 
Batohanika  Bodom  l^aturan  ta  Taborom  MahA  l^akraphan  di  Batscha  Sangkdsa  Boroma 
Phammika  Maha  Batscha  thi  ratscha  Boroma  Naratha  Bophitara  Phra  Ijula  l^oam  Elau 

I^anJuHua,  Eingof  Siam,  exhibit  by 150,161 

PhthioUde  (Greece)— 
mining  industry — 

copper 889 

Phylloxera  (ms,  aUo^  Agriculture) — 

mining  the  vineyards  of  France 79 

ohemieal  preparations  for  the  destruction  of 78, 79, 83 

Piat,  A  C.  (Paris,  France),  machine  for  cutting  helicoidal  teeth  for  gearing 896 

Pictet  Ice  Company,  method  of  manufacturing  artificial  ice 26 

shown  in  special  building  at  the  Exposition 25 

Piedmont  (»ee  Italy :  provinces). 
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Pierre-B^nite  (Franoe)— 
chemical  industry — 

chloroform 79 

ether 19 

potaahf  caastic 19 

potasfia,  bioliromate 79 

potaflsiom,  Bolphide 79 

Boda 79 

Pilsen  (Bohemia,  AuBtria) — 

vitriol-slate  deposits 23 

Pirano  (Istria,  Austria) — 
chemical  indastry^ 

bromine 75 

chloride  of  lime 76 

salts  from  sea*water 75 

■oda 75 

sulphuric  acid 75 

Piiz,  Antony  (Long  Island  City,  N*.  Y.),  acetate  of  lead 100^  161 

Pisa  (Italy)— 

chemical  industry- 
carbon,  bisulphide 93 

sulphur 9S 

Pisagna  Bailway  (Pern) — 

Fairlie^s  (English)  double-bogie  narrow>gage  locomotive  used  on 453,454 

illustration  of 462* 

Pitch  (see  Chemistry;  olio,  Forestry),  replacing  tar  in  artificial  ftiel 197 

Phu&edda  (Sardinia,  Italy)— 
mining  industry — 

zinc  800^311 

Planu  Sartu  (Sardinia,  Italy)— 
mining  industry — 

zinc 300,810,311 

Platinum  (see.  Chemistry;  alto,  Metal-working;  aUo,  Mining). 

Pohl,  meihod  of  concentrating  brines  for  sulphate  of  soda  manoflftcture 35  note 

Polimd  (tee  Russia:  provinces). 

Pollalc,  J.  (Vienna,  Austria),  fruit  essences 109 

Pomarfio  (Portugal)— 

port  constructed  on  the  Guadiana  Kivcr,  for  exportation  of  copper  pyrites  ttam  Saint  Bo- 

mingosmino 328,329 

destruction  of,  by  flood  (1876),  and  reconstruction 329 

Pommicr  &.  Co.  (OenneviUiers,  Franco),  sulphate  of  alumina,  alum $7 

Pondicherry  («ee  France:  colonies:  India). 

Poncgrltz  (E.),Son,  &Co.  (Biala, Silesia,  Austria), essences 110 

Pontl'Abb^  (Finistdre, France), 
chemical  industry- 
bromide 83 

chloride ^ 83 

iodide 83 

potash 83 

sodium,  chloride 83 

Pont-sur-Sambre  (Nord,  France)— 
machinery  manufacture — 

drills,  punches,  shears,  etc.,  for  metal-working 386 

Pood,  Bussian  weight  (=  86.1131  pounds),  definition  of 248 

Porcelain  (see  Ceramics). 

Porion,  E.  ( Wardrecques,  France),  salts  from  residues  of  alcohcd  manufkMstnre 83 

PORTEfi,  William  T.,  Additional  Commissioner,  Rsport  on  MACunatfl  and  Machinb  Tools..  388,402 
PortMadoo  (Wales)— 

narrow-{:;ago  railway  to  Festiniog 459-457 

Porto  (Portugal)— 
mining  industry — 

tin 
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POBTUGAX  (M«,  alto,  Aloaoer-do-Sal,  Grandola,  Porto, 

A^nstral,  Leira,  Saint  DomingoB, 

BaerooB,  Mertola,  Yallengo, 

Bnuaco,  Polhal,  Villa  Beal). 

Evora  PomsTfto, 

Cbbmibtbt  and  Phabmact— 

exhibit 149,150 

ezhibiton,  niunber  of 7 

awaards,  number  of , 7 

prodnota — 

beeswax 140 

honey 149 

olive  on 149 

pyrites 0,13 

mineral  waters 149 

solphnr D 

wines 149 

Donro 149 

Madeira 149 

Port 149 

exports- 
wines  to  Qreat  Britain  149,160 

i                                                 United  States 149,150 

mannffto  tores 331 

FOBRSTBT— 

I  encalyptos  acclimated 331 

accidental  preservation  of  timber-work  in  ancient  Roman  mines  by  presence  of  cni)ric 

sulphate 324  note 

Machinsbt  (including  tools,  implements,  appliances,  processes)— 
metal-working — 
pyrites — 

exdnded  by  popular  sentiment 327 

steam  engines  used  in  mines- 
hoisting : 326,327,329 

pumping , 327 

Mining  Industbies— 

report  on 318-331 

geological  formation 318,322,323 

ancient  works. 318,825,830 

of  the  Carthaginians 323 

Phenicians 333 

Bomans 323,324,325 

archaeological  remains 323, 324 

controlled  by  the  government 318, 319 

administration  by  district  inspectors 319 

patent  grants  to  individuals 318, 319 

taxes  upon  concessions 818, 319 

mining  law  of  1852 318,319 

promoted  by  the  government 319,326,331 

coal- 
anthracite 820 

not  worked  steadily 328 

imported  ftom  England 328 

copper 319,821 

iron 319,321 

lead 319,821 

pyrites 322-501 

British  works  at  the  mine  of  Saint  Domingos  (tee  Saint  Domingos). 

chief  supply  of  the  British  industry 322 

salt 320 

tin 320,321 

zinc 320 

operatives — 

wages 325 

provision  against  mining  accidents S20 
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POItTUGAL^Contmaed. 

MnnNQ  iNDUBTBIEfr— 

opcratiTCB — 

PTOTJsion  for  the  wellareof 

prodnction  and  oonsnmption — 

antimony 820^821 

braas 321 

day 320 

coal 320,328 

anthracite 320 

lignite 319,320 

cobalt 320 

copper 319,321 

galena 819, 320 

gold 821 

iron 319,320,321 

lead 223,810,321 

lime,  phosphates 321 

manganese S20i,821 

marble 320 

nicl:el 820 

platinum 321 

pyrites 9, 18, 21i,  224, 322-331 

quicksilver 821 

salt 261,820 

saver 319.320,821 

slate 320 

steel 321 

tin 212,236,820,321 

zinc '. 320.821 

exports- 
brass  321 

copper 321 

gold 321 

iron 321 

lead 321 

to  Great  Britain 223 

lime,  phosphates 321 

manganese 321 

pyrites — 

to  Great  Britain 13, 21i,  224, 822 

quicksilver » 321 

salt 820 

toBossla 281 

silver 321 

steel 321 

tin 321 

to  Great  Britain 212 

zinc 321 

imports- 
coal — 

ftrom  Great  Britain 828 

Potassium,  ferro-cyanide(=  yellow pmssiate)  («e«,  aito.  Chemistry:  products). 

consu mption  in  America  and  Europo 61 

Poulenc  &  Wittmann  (Paris,  France),  salts,  bismuth,  photographic  chemicals 85 

permanganate  of  potassa,  preparations  of  sodium,  iodine,  etc 121 

Powder  (tee,  alto,  Chemistry:  materials,  etc.;  aUo,  Mining). 

introduction  of,  stimulated  mining  industry  in  France 174 

Powell,  T.  &  T.  (Rouen,  France)— 

vortical  Woolf  steam-engino 871,372 

illustrations 871* 

Pra^no  (Bohemia,  Austria) — 

cliemical  industry. 73 

perfumes 110 

roee-wi^er 110 
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Prague  (Bohemia,  Aiutria)—Continned 
chemical  industry-- 

salts 110 

soap 110 

soda 78 

snlphorioacld 73 

wax. 110 

Praug,  M.  (Bamaonl,  Siberia,  Rnsaia),  soda 06 

Pribram  (Bohemia,  Austria) — 

mining  industry 20&-300 

galena : , 297,290 

iron 297,299 

lead 203,208,209,800 

Utharge 300 

silver 297,298,800 

sine  blende 297 

machines  employed 298,290 

operatiyes,  nnmber  of 299 

provision  for  the  welfare  of 299 

Pritohett,  botanical  exploration  of  Central  Pern,  for  transplantation  of  oinohona  to  India 137 

Prochaska,  F.  (Pragae,  Bohemia,  Anstria),  perfumes,  soap 110 

PBOTECTIVE  LEGISLATION— 
chemical  industry — 

in  France 8 

SicUy— 

export  duty  on  sulphur  occasioned  invention  in  England  (1835)  of  process  of  ex- 
tracting sulphuric  acid  from  pyrites 207 

Providence,  Bw  L— 

machinery  manufacture — 

emery-wheels 397 

gages,  squares,  rules,  etc 397 

gear  cutters 397 

machine  tools 397 

Prud'homme  (Mulhouse,  Alsace,  (j^rmany),  report  on  properties  of  alisariue  bine  <iuoted 106-108 

Prussia  (see  Germany). 

Pullman  Palace  Car  Company  (Chicago,  QL ),  sleeping-car  exhibited 445, 447, 460 

Pulney  HiUs  (British  IndU)— 
forestry — 

cinchona  cultivation   138 

Pumping  engines  (9m  Machinery :  engines). 
Puteaux  (France) — 
chemical  industry — 

soda 44 

Putz,  method  of  producing  benzoic  acid 64 

Pyrites  («M  Chemistry;  aZ«o,  Metal- working;  a2«o,  Mining). 
Pyromorphite  (AM  Metal- working ;  abo.  Mining). 

phosphate  of  lead,  definition  of 282 

i^ebec  (<e0  Great  Britain:  colonies:  Canada). 
Qued  Messolmoun  (Algiers,  Algeria) — 

iron  mines 189 

(^eensland  («ee  Great  Britain :  colonies:  Australia). 
Qu6vy  (Belgium) — 

mining  industry — 

iron S80 

Quicksilver  (m«  Mining). 
(^i6vrain  (Belgium)— 

mining  industry — 

coal 273 

Quintal  (=220.5  pounds),  definition  of IHO  note 

Badom,  Government  of  (Poland,  Russia) — 
mining  industry- 
iron 286 
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RAILWAYS  (including  apparatus,  material,  flztarea) — 

[SonL—Ths  eahifdt  of  raihoajf  appartUut  it  indsceed  in  detail  under  the  OUet  of  the 
easkibitiTig  eountriet,  viz  : 

Anstria-Hangary,  Fraaoe,  Great  Britain. 

The  other  exhibitinff  eountriee  were : 
Belgium,  Sweden,  United  Statea.] 

Italy,  Switzerland, 

.    BxpORT  ON  Baelwat  Apparatus,  by  Wiluau  A.  Akdsbbok 417-461^ 

Qlafl8iiioationofexliibitB(aronp  VI,Cla9B64) 41B 

iUnstrations  to  the  reporii— 

Plate  L^Locomotive  and  tender :  TVostem  Railway  Company  of  France 432* 

Plate  n.— -Express  loc<nnotivo  and  tender :  Soci6t6  de  Constraction  des  Batignolies, 

Paris,  France 484» 

Plate  nX — ^HeaTy  passenger  locomotive :  Paris,  Lyons,  and  Mediterranean  Railway 

Company,  France 43©» 

Plate  IV. — Locomotive  for  passenger  or  fk^ight  service :  Austrian  State  Railway 

Company 440* 

Plate  v.— LocomottTe  for  passenger  and  mixed  trains :  Theiss  Railway  Company, 

Anstria 442* 

Plate  YI^^-Express  locomotive :  Sharp,  Stewart,  Sc  Co.,  Manchester,  England 444* 

Plate  YIL— First^^lass  passenger  coach :  Western  Railway  Company  of  France  . . .       446* 

Plate  V ILL— Sleeping-car:  Austrian  State  lUilway  Company 448* 

Plate  IX. — Saddle-tank,  narrow-gage  locomotive :  Black,  Hawthorn,  Sc  Co.,  Gateis- 

head-npon-Tyne,  England 450* 

Figure  1. — ^First^dass  passenger  coach :  Austrian  State  Railway  Company 448* 

Figure  2.— -Second-class  passenger  coach :  Austrian  State  Railway  Company 448* 

Figure  3.— Third-class  passenger  coach :  Austrian  State  Railway  Company 448* 

Figure  4. — Ordinary  covered  iTei;;ht-car :  Austrian  State  Railway  Company 448* 

FJ^nire  5. — Double-boiler,  double-bogie,  narrow-gage  locomotive :  Fairlie  Engine  and 

Rolling-Stock  Company,  Bristol,  England 452* 

Figure  6.— Section  of  rail  Tor  portable  tramways :  Decauville,  Petit-Bonrg,  France.       457* 

Figure  7.— Joint,  for  the  same 457* 

Figures. — Tramway  and  cars  for  mines:  the  same 458* 

Figure  O.—^l'ramway  car  for  mines :  the  same 45&* 

Figure  10. — Tramway  for  sugar  plantations :  the  snme  460* 

Figure  11. — Section  of  compressed-air  tramway  motor:  Soci6t6  C^^Arale  des  Mo- 

teurs  &  Air  Comprim6,  Paris,  France 462* 

Figure  12. — Car  with  motor  attached :  the  same 463* 

FigurolS. — Ordinary  car  drawn  by  motor :  tbesame 464* 

Figure  14.— Compressed-air  motor  and  street-car:  Compagnio  Continentale  d'Ex- 

ploitaiion  des  Locomotives  sans  Foyers,  Paris,  France 46S* 

recent  improvements  in  apparatus  and  material 419, 420, 421 

steel  replacing  iron.  In  construction 420, 424, 425 

iron  replacing  wood,  in  framing  cars 423,446^448 

cross-ties  preserved  against  decay 424, 425 

of  metal 424 

signalling  systems 422,424,467,468 

automatic  brskkes 446,466^467,469 

systems  and  equipments 421-430 

Austria-Hungary 427,428 

statistics 427 

production  of  material 127,428 

France 42^-427 

statistics 424»427 

details  of  construction 425^  426 

Germany — 

no  exhibit 423 

excellence  of  management 423 

Great  Britain 428-430 

statisUos 429 

substantial  constmction 422^430 

United  States- 
methods  different  from  European   421-423 

roads,  length  of 421, 
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RAILWAYS— Continaed. 
syfltemB  and  equipmenta— 
United  Statea- 

methoda  different  from  Enropean— 

rapid  conatmction 421 

cliaracter  of  permanent  way 423,428 

oars,  oonatraction  of 422 

claaa  diatinctiona 423 

tlirough  ticketa 421 

checka  for  baggage 421,^23 

aignal  ayatema 422 


oontroreray  conceminji: 449,490 

atandard  (4' 8i"  and  4' 0") , 44» 

advantageaof 450 

auitable  for  trank-Iinea 4M 

narrow  (I  meter  =  39.371".  or  leaa) 449,450,464 

advautagca  of 450 

amallcoat 450,464,455 

adapted  to  thinly  aettled  conntriea 450 

aliarp  cnrvea  and  heavy  gradea 450, 453 

anitable  to  be  anxi]  iariea  to  trun  k  linea 450 

material  and  rolling-atock  exhibited  (atandard  ^agc) 430-400 

France,  exhibit  of 430,431 

information  withheld 431 

locomotirea 431-445 

Auatria-  Iliinga  ry 437, 443 

8peci;iUy  adapted  to  inferior  coal 437,438,439,440 

manufacture  of 428 

illuatrationa 440*,  442* 

clasaea 438 

France 431-437 

recent  im  provementa 425 

lllualmtlonB 432*,  434*.  430* 

Great  Britain 443-445 

illuatration 444* 

United  Statea 469 

cara , 445-449 

conntriea  exhibiting 445 

Anatria-IInngary 445, 447-440 

paaaenger  car,  flrat-daaa 447,448* 

aecond-claaa 448* 

thirdclaaa 448* 

aleeping-car : 448*,  449 

poatalcar 447 

fhiight  cara 448* 

France 446-447 

flrst-claaa  paaaenger  car 445, 440*,  447 

aaion  cara 447 

United  States- 
sleeping-car 447,449,400 

lUUTO w-ga;!o  material  and  rolling  atock 451-467 

locomotivca 461-464 

Austria-IInngary 451 

Belgium 451 

GroatBritain 451-454 

auddlc- tank  engine 445,450*,451 

double-boiler  double-bogie  engine 451, 452*,  453, 454 

generally  adopted  452, 453, 456 

equipment  of  road  to  DInroa  quarriea,  Walca 458-467 

engineering  dif&cultiea '  455 

cost 456 

locomotives 450 

paaaenger  cara 466 

41  P  E — VOL  4 
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IIAILWAYS— Continned. 

'jamways,  street  railways— 
FratDce— 

Becaaville's  portable  tramway  for  mines,  agrionltural,  forest  use,  etc 457-439 

illustrations  of  rails,  cars,  etc 457*.  458*,  450*.  400* 

street  cars 469, 466 

constmotion 45IM61 

compressed-air  motors  for  propelling 461, 462*,  463*,  46  (*,  465*,  466 

advantages  of 462,406 

United  States- 
street  cars  461 

mining  railways — 
Austria-Hungary — 

in  Idria  mines 302 

Pribram  mines 206 

locomotives  for 437 

France — 

Decauville's  tramway  and  cars 467, 458*.  450^ 

M6karski's  compressed-air  locomotive 461 

cars  drawn  by  endless  cliain  at  Anzin  mines 183 

Portugal — 

in  Saint  Domingos  mines 326, 327, 328; : 

Rainfall- 
importance  to  mining  industries 

affected  by  mountaiu  chains 

Rand,  boring  apparatns  for  prospecting  for  oroH 226 

Ransomea,  Sims,  &  H«ad  (Ipswich,  England)— 

tree-folllug  steam-engine 383,384 

perspective  view 388* 

Rasterayeff,  6.  S.  (Saint  Petersburg,  Russia),  acids,  alkalito,  salts,  etc 95 

Raymond,  Rossitor  W.  (Now  York),  his  "  Mineral  Resources  of  the  States  w^t  of  the  Rocky 
Mountains;"  "Statistics  o^  Mines  and  Mining,"  etc.;   "Silver  and  Gold;"  "  Production  of 

Silver  and  Gold  in  the  United  States,"  etc.,  cited 235, 345^  331, 352, 353 

United  States  Commissioner  of  Mining  Statistics 351 

Readman,  James  Burgess  (Glasgow,  Scotland),  soda,  citric  acid,  phosphorus 01,  111 

Relmer,  method  of  producing  vanillin 70.71 

Reims  (France) — 

chemical  industry- 
salts  from  sulnt  of  wool 83 

I>otashfrom  the  same 83 

extracts  from  flowers,  for  perfumery 117 

Renard,  O.  (Marseilles,  Franco),  sulphur 78 

"  Report  and  Accompanying  Documents  of  the  United  States  Monetary  Commission"  cited.  .345^  357, 358 
"Report  of  the  Select  Committee  [of  the  British  Parliament]  on  Depreciation  of  Silver" 

dted 845.352,357 

Reschicza  (Hungary) — 

railroad  apparatus  manufkctured— 

sleel  l)oiler  plates 441 

parts  of  locomotives 442 

Resola  BroR.  (Spain),  sulphuric  and  nitric  acids,  soda 06 

Itcstorff,  Bettmann,  &  Co.  ( Vew  York  City),  leather  dressing  and  bronzing 16P 

Reunion  (gee  Franco:  colooies). 
Rhode  Island  {tee  United  States). 
Riazano,  Government  ol  (European  Russia)— 
mining  industry- 
iron  256 

coal 238 

Rimini  (Italy )— 

chemical  industry — 

sulphur ~ 99 

Ringerike  (Norway)— 
mining — 

nickel 268 

Rio  (Elba,  Italy)— 

port  of  shipment  for  Iron ^ ~ 9tt» 
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Bio-Tmto  (Spain)— 

ancient  Iloman  mining  remains 838 

Bhodium  (see  Metal-working ;  oZco,  Mining). 

Bichardaon  (John)  ScCo.  (Leicester, England),  pills 180 

Bichthofen,  F.  von  (Oermany),  his  '' Die  MetaU-ProdukHon  OaHfomient  und  der  angrenzendtn 

Zander"  cited   345,347,348,849 

Bider,  valve-gear  for  engines 868 

KigMid  &.  Dusart  (Paris,  France),  elegant  pharmaceutical  preparations  in  variety 120 

Bimmel,  Engene  (London,  England),  use  of  oils  from  eucalyptus  in  perfumery 136 

Bobbins,  B.  £.  ( New  York  C  ity ) ,  promoter  of  machine-manufacture  of  watches 400 

Bobertet,  P.  (Paris,  Franco),  solid  oil  of  roses 118 

Bocca,  Paul  (Trieste,  Austria),  pills 109 

Bocoatederighi  (Tusoany,  Italy)— 
mining  industry — 

copper 808 

Boche-la-Molidro  (France)— 

early  coal  mining  (1321) 176 

Booourt  (France) — 
cliemlcal  industry- 
alcohol 88 

by-products — 

potash , 88 

salts 83 

soda 88 

Boeraas,  or  Boeros  (Norway)— 
mining — 

copper 208 

Bogelet,  Houzean,  &,  Co.  (Beims,  France),  potash,  salts  ftt>m  suint  of  wool 83 

Bolland  (Puteaux,  France),  ammonia-soda  manufatoturing  procMS 44 

Boiling-stock  (tee  Bailways). 

Romagna  Sulphur  Company  (Bologna,  Italy),  sulphur •     08 

Bomana  (ancient) — 

mining  operations  in  Elba 308 

France  (Gaul) 174 

Greece  (atLanrium) 33G 

Portugal  (at  Saint  Domingos) 323,324 

arcluBological  remiUns 824 

Spain 323,324 

Bomsdalen  (Norway)— 
fishery — 

cod 146,147,148 

Boqncs.  A.  (Paris,  France),  camphor,  iodine,  bromine 83 

Bonchach  (Switzerland)— 
chemical  industry — 

leather-dressing 156 

Bose,  H.  J.  (Toronto,  Canada),  chemical  products 77,112 

Bosler,  A-  ( Aussig,  Austria),  camphor Ill 

Bosanitz  (Austria)- 

coalmines 437 

bad  quality  of,  necessitates  mixture  with  other  coals 437, 438 

special  form  of  fire-box  on  locomotive 437, 438, 430 

yields  bad  coke 438 

Bothenh&usler  (Borschach,  Switzerland),  oil  for  Bnssia  leather 156 

Bonbaix  (France)— 
chemical  industry — 

potash 79 

Konen  <  France) — 

chemical  industry — 

chloral 117 

chloroform 117 

ether 117 

soda 7t 

sulphur,  sulphuric  acid 11 

saperphosphates 79 

tannin 117 
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Rooen  (France)— Cantinaed. 
machinery  manuDAotnre— 

steam  engines 371*,  872 

ROUMAiOA— 

KnriKa  Industbibs— 

exports:  salttoRossia 261 

steel  to  Russia 2G1 

Ronre- Bertrand  Fils  (Grasse,  France) ,  perftimes,  pomades IIS,  116 

vaseline 116 

Roxbury,  Mass. — 
manofactares— 

machine-made  watches 409 

works  of  Boston  Watch  CompaDy  removed  to  "Waltham,  Mass,  {vhich  tee). 

Royal  Hongarian  Iron  Works  (Brazowa,  Hungary),  boiler-plates,  parts  of  locomotives 443 

*' Soyaume  de  Suede^  Expo86  StatUHqtiet"  cited 262 

Rozsnyay,  Mdtyds  (Arad,  Hungary),  coniine,  medicated  confections 144 

Rubio,  brown  iron  ore,  definition  of 317 

analysis  of 817 

Ruble,  Russian  money  (a>  $0.75),  definition 255 

Ruette  (Belgium)— 
mining  industry— 

iron 280 

Rufla,  E.  (Rimini,  Italy),  sulphur : 98 

Bump,  method  of  obtaining  vanillin 71 

Runcorn  (England) — 
chemical  industry — 

soda 89 

caustic 90 

sulphate w 89 

Runcorn  Soap  and  Alkali  Company  (Runcorn,  England),  soda 69,90 

Rung;bee  (British  India)— 
forestry — 

cinchona  cultivation 139 

RUSSIA  («M,  aleOf  Bamaoul,  Eouban,  Saint  Petersburg, 

Bisersk,  Eoutals,  Siv-Daria, 

Daguestan,  Kuopio,  Tagullsk, 

Doubrovka,  Leal,  Varoncga, 

Goroblagodatsk,  Moscow,  Warsaw, 

Kasan,  Olkusz,  Yelaboug)— 

Kiev-Elisabethgrad,  Saint  Michel, 

Chemistbt  akd  Phabmact— 

exhibit,  chemical 9&,96 

pharmaceutical 159 

exhibitors,  number  of 7 

awards,  number  of  7 

condition  of  the  industry 95^150 

difficulties- 
want  of  transportation 95 

accessible  coal 95 

necessity  of  Importing  machinery 95 

chemists 95 

manufiustnres— 

acids 96 

alum 95 

caoutchouc 95 

magnesia 96 

pharmaceutical  products ISO 

saltpeter 95,96 

B0<la    46,95.90 

sulphur 9S 

production  and  consumption — 

acids 96^96 

caoutchouc 95 

magnesia 96 

soda 96 
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CHIMIflTBT  AMD  PHABMACT— 

Aiel  used  in  zniinii£Mtux»~ 

ooal  (inACoessible) 96 

op6rati,Tea— 

namber  employed 95.06,150 

women  ao 95 

im]^rts — 

cod-liver  oil  from  Norway 148 

saltpeter  from  United  Statea 99 

tannin  from  France 119 

exporta— 

chromateof  iron  to  Great  Britain 96 

chemical  prodncts  to  Aaia 95, 90 

I  prodncta,  by-producta,  materials — 

acids 95,96 

chromic 96 

snlphnric 96 

albnmen   .  150 

alum 95 

ammonia 95 

salts 95 

anise,  oil  of 160 

biood,  albumen  from 150 

manure 150 

caoutchouc 95 

capsules    160 

chromic  acid 96 

cod-liver  oil 14fi 

copper,  sulphate 95 

I                                 cumin,  oil  of 150 

extracts,  vegetable 150 

garancine 95 

glycerine 150 

iron,  chromate 96 

lead,  salta 96 

leather  dressing 150 

«                    magnesia,  carbonate 96 

sulphate 96 

mint,  oil  of 150 

oil,  essential,  of  anise 160 

cumin 150 

mint 150 

etherial,  of  mustard 150 

peppermint 160 

potash,  chromate 96 

pyrites 96 

saltpeter 95,96.99 

salU 96 

ammonia 95 

lead 96 

tin 96 

soda 46»96 

caustic 96 

sulphate 96 

sulphates 95^96 

sulphur 95 

sulphuric  acid 95 

tannin 119 

tin,  salts 96 

Clocks  ahd  Watches— 

exhibit 406 

musical  clock,  with  figures,  etc 407 
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BUSSIA— Continued. 

Machixsut  (inclading  tools,  implements,  applionceB,  processes)- 
chemical— 

imported  from  other  coontries 96 

■team- engines  employed Hi 

metal-working— 

value  of,  in  the  empire 28D 

horso-power  of 260 

Aimacesfor  copper 253 

iron '. 2«,257 

silver  and  load 2S2 

steel 257 

tin 2S3 

sine 255 

MDSIKO  INDU8TBIB»~ 

report  on 247-281 

autliorities  followed  in 247  noU 

condition  of  the  industr3' 247,248,260 

rise  and  development 247,248 

governmental  encouragement 248;  260 

eoDcessions  to  individuals 249 

coK>peration  of  the  Department  of  Mines 20D 

unequal  to  the  needs  of  the  country 260 

variety  of  minerals 247 

coal 247,2.*7,258 

yield 257,238 

anthracite 257,258 

bituminous 2!h,2S8 

lignite 257,258 

number  of  collieries 257 

sources  of  production 247, 258 

cobalt 247,254 

ocourronce,  geological  formation 254 

yield  254 

number  of  mines 254 

metallurgical  establishments 254 

copper 247,253 

yield 253 

number  of  mines 2S9 

metallurgical  establishments 253 

furnaces 25$ 

sources  of  production 247 

gold 247.248-250 

yield 248,240 

exploitations  248,310 

sources  of  produ  ction 249;  230 

m  ines  belonging  to  the  state 240 

individuals 240 

from  placers 249,250 

vein-mining,  little  practiced 349^250 

graphite 250 

yield '. 250 

number  of  mines 230 

Houroesof  production 250 

iron 247,256.2:>7 

yield 256,257 

chromic 96,23 

pig 256,257 

wrought 257 

bars,  rods,  etc * 257 

sheets 257 

steel  257 

number  of  mines  256;  29t 

blastfurnaces 236,257 

metallurgical  estabUshments 256^257 
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HiKIKO  IKDU8TET— 

soorceB  of  prodnotioii 247,256,28? 

lead 247.258 

yield 262 

reducing  estabUBhments 258 

famooes 232 

nickel 247,254 

occnxrence,  geological  formation 254 

yield,  metal 254 

oxide , 254 

number  of  mines 254 

motollnrgical  eatabliahments 254 

petroleum 258 

yield 258 

oil 258 

number  of  artesian  wells 258 

distillation  establishments 258 

soarces  of  production 258 

platinum 247,250-252 

occurrence,  geological  formations 250, 251 

quaUty 251 

yield 261 

refining  reUnqnislied 258 

exploitations 251 

salt  250 

yield 250 

ftom  saline  lakes 250 

eTaporation 260 

rook  salt 250 

borings 250 

ailver 247,252 

yield  252 

reducing  establishments t 252 

Aimaces 252 

sulphur 250,201 

yield 250,200 

sources  of  production 250, 200 

refining 2ff» 

tin 247,258 

yield 253 

number  of  mines 2SS 

metallurgical  establishments 253 

furnaces 253 

produced  from  a  single  mine  ( Viborg,  Finland) 254 

lino 247,265 

occurrence,  geological  formation 255 

yield 255 

number  of  mines 256 

metallurgical  establishments   256 

Aimaces 266 

sources  of  production  247, 255 

ftt)m  surface  workings 256 

subterranean  mining 255 

operatives,  number  of 200 

machinery  in  metallurgical  establishments 260 

Aiel  used  in  manufacture- 
coal 256  note,  260 

increasing  use  of 200 

charcoal 256  note 

production  and  consumption — 

coal  171,225^247,248,257,258,280,261 

anthracite 25T 

bituminous 267 

lignite 257 
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RUSSIA— Coniinaed. 

HnriNO  IlVDUSTBT— 

prodaction  and  oonsumption — 

cobalt 247,254 

copper 222,248 

gold 1 A  234, 247,248-250.261 

craphito 247,250 

Iridiam 251 

iron 247,258.257 

chromic  ..  98,251,250 

ore 172 

pig.. 172,248.258,260,281 

wroQght 172,257,200.281 

lead 172,213,214,223,247,252,200 

napbthA 248 

nickel 247,254 

petroleum 258»280 

platlnom 247,248^250-252 

salt 247,248.250.260,261 

sUver 173,234,247,248,252 

steel 172.257.280,261 

Bulpbur 247,250^300 

tin 221,247,253,254 

Bine 173,247,256^200 

ezporta— 

coal 200 

copper ^ 200 

iron 200 

cast 200 

chromic 96 

wrought 200 

lead 280 

petroleum 200 

platinum 200 

salt ; 

steel 

zinc 200 

imports- 
coal 280 

from  Austria 281 

Belgium 281 

France 261 

Germany 261 

Gi-eat  Britain 225 

Italy 261 

Turkey *. 261 

copper 260 

from  AnstzlA 261 

France 281 

Germany 281 

Great  Britain 222,261 

Ketherlands 261 

iron 260 

from  Austria 261 

France 261 

Germany 281 

Great  Britain 261 

Italy _ 261 

Netherlands 261 

Norway 261 

Sweden 261 

lead 200 

from  Great  Britain 223 

petroleum 260 

salt 
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RUSSIA— Contiinied. 
ICnmia  Induitbt-- 
imports- 
salt— 

ftomFnzkoe 261 

Germany 261 

Great  Britain 261 

Italy 201 

ITorway 261 

Portugal 261 

Koomania 261 

Spain 261 

Sweden 261 

steel 260 

ftmn  France 261 

Germany 261 

Great  Britain 261 

Netherlands 261 

Norway : 261 

tin,  from  Great  Brtain 221 

sine 260 

PBOVINCES— 
CAUCASUS— 

Metcco  and  IHtallubot— 

coal 268 

bituminous 258 

lignite 258 

production 258 

cobalt 254 

production 264 

mines 254 

metallurgical  establishments 254 

copper 247 

production 253 

metallorgical  establishments 258 

lead 262 

production 252 

metaUargicol  establishment 262 

petroleum 268 

production 258 

sUver 252 

production 252 

motall  urgical  establishment 252 

sulphur 260 

SUBOPEAN  RUSSIA— 

MiKINO  AlTD  MUTALLUItaT— 

coal 256 

Ugnlte 268 

bitominous 258 

production 258 

oopper 253 

production 258 

,                                 number  of  metallurgical  establishments 258 

gold 249 

production 249 

number  of  exploitations 249 

iron 256 

production 256^257 

numbOT  of  metallurgical  establishments 256 

blast  faniAces 256 

iron,  chromic 250 

prodnction 259 

number  of  mines 250 
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RUSSIA— Continued. 
PROVINCES- 
FINLAND,  GRAND  DUCHY  OF  (w«,  alto,  Abo)— 

MIXD;U  AXD  HBTA.LLUBGT— 

copper 247 

prodnctioD 253 

metallurgical  establishment 258 

gold 249 

prodaction 2ft9 

number  of  exploitations 248 

iron 247 

production 257 

metallurgical  establishments 257 

blastfurnaces 257 

tin(0Dl.vmineinRa8sia) 247,253,254 

production 253 

nambex  of  mines 253 

metallurgical  establishments 253 

Aimaoes 258 

KIROHESE  DISTRICT— 

MlXIKO  AND  MBTALLUBQY— 

coal 258 

production 256 

copper 247 

production 253 

metallurgical  establishments 258 

gold 249 

production ^ 248 

number  of  exploitations 248 

graphite 258 

petroleum 258 

POLAND— 

MiKLXO  AND  MbTALLUBOT—     . 

coal 258 

bituminous 258 

lijinlto 258 

production 258 

iron 247 

production 256,257 

metallurgical  establishments 256, 257 

blastfurnaces 256,257 

sulphur 258 

mine 259 

refinery 258 

sine 247.255 

occurrence 255 

production 255 

number  of  mines 255 

metallurgical  establishments 255 

furnaces „ 25S 

SIBERIA— 

Chcmlstbt  akd  Phabmacy— 
materials— 

ohromate  of  iron 86 

used  in  Russia 86 

exported  to  En^iland 86 

sulphate  of  soda  deposits 86 

MlNIKQ  AND  MeTALLUBGT— 

coal 256 

prodaction 258 

copper 258 

production 253 

metallurgical  establishment 253 

gold 248 

production ^.^..^^ 249 
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RUSSIA— Continued. 
PBOVINCES- 
SIBERIA— 

MCilXO  AND  Hbtallukot^ 
gold- 
number  of  exploitations 240 

iron 257 

prodnctlon 257 

metallurgical  estftblishmentB 257 

blaat  f amaces 257 

lead 252 

prodnctlon 252 

number  of  metallurgical  eetablishmentfl 252 

silver 252 

production 252 

number  of  metallnrgioal  establishments 2^ 

Busso- American  Caoutchouc  Manufacturing  Company  (Saint  Petersburg,  Russia),  india-rub- 
ber manufactures 95 

Rutheniom  (Me  Metal- working;  obo,  Mining). 

Saetersdal  (Norway)— 
mining — 

copper 268 

Saifron,  dje-stuif,  grown  in  France 113 

Sfigmyra  ( DalecailLi,  Sweden) — 
mining  industry — 

nickel 285 

Saint  Bel  (France)— 
chemical  industry — 

P3'rites •..- 81 

Saint  Denis  (Franco) — 
chemical  industry — 

caustic  alkalies 87 

drug-powdering  miUs 110, 120 

oxulicacid 68 

potassium,  cyanide 87 

pmssiate 87 

tin,  salts 87 

Saint  Domingos  (Portugal)— 
mining  industry — 

copper  pyrites 320,322-331 

workings  of  the  ancient  Romans 323, 324 

Phoenicians 823 

Carthaginians 323 

modem  workings 324-827 

machinery  and  appliances 325-327 

transportation,  exportation 326-320 

construction  of  a  port  at  PomarSo,  on  Guadina  River 328,820 

operatives,  dwellings  for,  etc 330 

provision  for  the  welfare  of 330,331 

conducted  by  English  capitalists 331 

Saint  Gobain  (Prance)— 
chemical  industry — 

alum  81 

potash 81 

soda 81 

sulphuric  acid 81 

glass  manufacture   ^ 81 

Saint  Leonard  (Belgium)— 
mining  industry- 
zinc  • 286 

fumaoes ~ 286 

Saint  Louis  (Senegal)— 
chemical  indurtry— 

vettiver .., 12* 
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Saint  Hiohel  (Finlaiid,  RuBsiA)— 
mining  industry — 

iron 2S7 

Sainte  Marie  (Oise,  Franoe)— 
mining  industry — 

rolling-mills 287 

Saint  Petersburg  (Russia)— 
chemical  industry — 

acids 05,96 

albumen ISO 

alkalies 95 

ammonia 95 

blood,  dried,  as  manure 150 

citrates 95 

lead  salts 96 

saltpeter 95 

soda 95 

sulphates 95,96 

sulphur 95 

tin  salts 96 

manufacture*— 

india-rubber  goods 05 

mining  and  metallurgy- 
nickel  ruflning  at  the  mints 25S 

Imperial  Botanical  Garden- 
exhibit  of  vegetable  pharmaceutical  preparations 150 

Saint  Pierre  (tee  France:  colonies). 

Saint  RoUox  Chemical  Works  (Glasgow,  Scotland)  (see  Tennant  St  Co.). 
Saint  Saul vo-lcs- Valenciennes  (Franoe) — 
chemical  industry — 

potash  fh>m  beet-root  sugar  residues ^ 8S 

carbonate 83 

potassium,  chloride 83 

soda 83 

Sala  (Sweden)— 

mining  industry- 
lead 265 

silver  ftom  lead  ores 266 

prim!  tive  appliances 266 

SaUndres  (France) — 
chemical  industry- 
aluminium  84,86 

lime,  chloride 84 

phosphate 84 

potash 84 

soda 84 

sulphur 84 

Salt  (eee  Chemistry ;  aieo,  Mining). 
SALVADOR- 

Ceuuiistbt  ahd  Piiabmact— 

exhibit 156 

products — 

bauTnee  du  8alv€tdor Ij55 

cochineal 165 

cocoanutoil 1B5 

indigo 155 

mineral  waters 156 

quina  du  Salvador 155 

resins 155 

wax 155 

Salzburg  (Auntria) — 
mining  industry — 

copper 

salt 
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Saadback  (England)' 
chemical  Industry— 

soda 46 

Sanders,  Dr.  n.  (Amsterdam,  Ifetherlands),  peptone 140,141 

San  Francisco,  Cal.— 
mfaitig  indastry — 

■hipments  of  ballion  fit>m 349,850 

gold 340,347,850 

silver 850 

to  China 850 

England 850 

Japan 850 

Now  York 850 

Panama 850 

'*  San  Francisco  Mining  and  Scientiflc  Press",  description  of  tin-mining  processes 842 

Santander,  Province  of  (Spain)— 
mining  indastry — 

lignite 814 

sine 818,814 

Sapphires  (mc  Mining). 
Saracens — 

mining  oi>erations  in  the  Alps 174 

Pyrenees 174 

Sardinia  (mc  Italy). 

Sarg  (F.  A.),  Son,  &  Go.  (Vienna,  Austria),  glycerine  soap Ill 

Samico  (Italy)— 

chemical  indastry — 

naphthaline 142 

Sacvjot&Foachet  (Paris,  Franco),  oil  of  orris 116 

Saunders,  TV.  (London,  Canada),  fluid  extracts,  crude  drugs 112, 128 

Savary  (J.)  Sl  Ca  (Nesle,  France),  potash,  salts,  etc.,  extracted  f^om  beet-root  sugar  residues. . .  88 

Savory  8l  Moore  (London,  England),  fluid  extracts,  tinctures,  gelatine  preparations 180 

peptodyne,  pancreatic  emulsion 181 

Saxby  Sc  Farmer  (Eilbum,  London,  England)— 

railway  signaling  system 467, 468 

exhibited  at  Centennial  Exhibition,  1876 468 

adopted  by  Pennsylvania  Bailroad  Company  468 

Saxony  (mc  Germany). 
Schaffhausen  (Switzerland) — 
chemical  industry — 

manganese,  oxide 97 

regenerated , 156 

apparatus  for - 156 

Schaffiier,  Dr.  Max  (Austria),  method  of  regcncratiag  sulphur  fh>m  ssda  waste 40, 43, 74 

director  of  soda  works 74 

Schafher  &  Helbig  (Aussig,  Bohemia,  Austrui) — 

method  of  regenerating  sulphur  from  soda  waste 40-42 

plates  ill  ustrating  apparatus 42* 

description  of 42 

Sohafiher-Mond,  method  of  regenerating  sulphur 84 

Schalke  (TVostphalla,  Germany) — 
chemical  industry— 

floda 46 

Schefller,  Emil  (Louisville,  Ky.),  originator  of  aaccharated  pepsin 158 

Scherbaschc£r,  ammonia-soda  manufacturing  process 48,40 

Scheurcr-Ecstner  (Paris,  France),  experiments  on  loss  of  platinum  in  distilling  sulphuric  acid  21 

Schieifclin  (TV.  H)  &  Co.  (NewTork  City),  pills 168,150 

Schlosing  (Puleaux,  France),  ammonia>Boda  mauufhcturing  process 44 

Schlumberger  &  Cerckel  (Paris,  France),  salicylic  acid,  lithium  and  other  salts 121 

Schmidt,  Sal  (Misslitz,  Moravia,  Austria),  essential  oils,  carraway  oil-cake  for  fattening  swine .  110 

Schmidt  (Denmark),  method  of  preparing  saltpeter 28 

soda  manufacture,  materials' 46,48 

iodine  manuflkcture 56 
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Schneeberg  (Bohemia,  Austria)'- 
mining  iniluBtr}* — 

early:  for arjsentifoToaa galena 306 

calchopyrite 305 

modem :  for  gali'na 306 

aiuc-blende 805 

ooncentration  works 306 

geological  furmation 805 

SohneiUer  &.  Co.  (Creuzot,  France, — 

Iron  and  Btcd  exhibit 04,105.420,434 

pavilion  in  the  Champ  ds  Mart 434 

manufact urc'H  in  ateel 420 

'       atoci  rail-*  for  Western  Railway  Company  of  France 426 

locomotive  and  tender * 434,435 

provision  for  the  welC&re  of  operatives 106 

Schnof  Bros.  (Uetikon,  Switzerland),  sulphnric  acid,  soda,  iron  liqnor  for  silk  mannfactoro  ...  07 

Schram,  boring  appiuutus  for  prospecting  for  ores ■         206 

Shntzonberger,  discoverer  of  hydrosnlphurons  acid  sodiam  salt 26 

Schwab,  F.  C.  (Pcttio,  Styria,  Austria),  solphnr,  saltpeter 76 

Schwartz wald  (tee  Black  Forest). 

Sdopis  &  Bechis  (Torin,  Italy),  sulphnric  acid 82,04 

sulphate  of  magnesia 04 

Scotland,  Scotch  (tee  Great  Britain). 

Scott,  J.C.  (Bolton,  England),  dividing  apparatus 307 

Soabury  &  Johnson  (Now  York  City),  rubber  medicated  plasters 100 

S6ba8tine  Manufacturing  Company  (Stockholm,  Sweden),  s6bastinc,  an  explosive,  mixtnre  of 

nitro-glyccrino,  wood  charcoal,  explosive  salts 153 

Sedan  (franco)— 

chemical  iudustry — 

narcotic  plant  extracts 117 

Sellers,  William  (Philadelphia,  Pa.),  maker  of  machine  tools- 
unintelligent  imitation  of  his  planer  in  France 885 

Sellon,  (ISn;:luDd),  description  of  the  manufacture  and  properties  of  platinum  and  allied  metals, 

quoted 64-67 

Selwyn,  A.  R.  C,  wriiings  on  the  cool  formation  of  Victoria,  Australia,  cited 241 

S^mipalatinsk,  Government  of  (Eirghese,  Russia) — 
mining  industry — 

copper 253 

gi»ld    3(8 

graphite 

Senegal  (tee  Franco:  colonies). 
Seraing  ( Uel^iuui)— 

machinery  manufacture 

mining  industry — 

cottl 275 

Serephos  (Greece) — 
mining  industry — 

iron   338 

Semllas,  E.  (Paris,  France),  method  of  extracting  aveneine  and  vanillin  firom  the  i»er{carp  of 

oats  * 71 

Seth  Thomas  Clock  Company  (New  York  City),  exhibit  of  clocks 405 

silver  medal  awarded 405 

Seville,  Province  of  (Spain)— 
minin^j;  industry— 

cor.l 814 

Seybel,  E.  (Vienna,  Austrio),  manufacture  of  tartaric  acid  ftom  wine  lees 75 

Soyuhollcs  (tee  Great  Britain :  colonics). 

Seyd,  £.  (England),  estimate  of  British  silver  production 210 

Sharp,  Stewart,  &  Co.  (Manchester,  England)— 

machines  and  tools 306 

express  locomotive ^ 443,444 

illustration  of 444* 

ShinuB  (Persia)- 

tobacco 151 

wines 161 
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SIAM— 

Cbuostbt  and  Pharmacy— 

exhibit 160,151 

produutB^ 

beeswax 151 

benzoin,  resin 151 

contains  vanillin 71 

birds'  nests,  edible 151 

cardamom  seeds 151 

cinnamon > 151 

flowers,  preserved 151 

gnm  gntta 151 

indigo 151 

lac  dye  -• 151 

lemon  Juio« 151 

pepper 151 

pistaches  de  Urre 161 

tamaiiuds 151 

tobacco 151 

Siberia  (tee  Russia). 
Sicily  (see  Italy). 

Siemens,  W.  (Germany),  apparatus  for  the  maniifActuro  of  potasslnm  carbonate 32 

ammonia-soda  manufacturing  process 48 

Sierra  Nevada — 

influence  of,  on  rainfall  and  mining 229 

sulphur  deposits , 9 

Signals  (tee  Railways). 

Silesia  («0«  Austria- Hungary:  provinces;  abo, Germany :  provinces). 

Silver  (M<f  Chemistry;  a{«o, Metal-working;  also,  Mining) — 

fluctuations  in  value 197 

coinage  limited  by  the  Latin  Union 197 

displaced  by  gold  as  a  standard  of  value   197 

circuLited  by  weight  and  flneness  in  the  East 197 

Simmering  (Lower  Austria) — 

chemical  industry 73 

sal  tpeter 28 

soda 73 

railway  apparatus  mannfjEbctured— 

flight  cars 428 

passcn  ger  ea  rs 428, 447, 448* 

steel  boilers  for  locomotives 441 

sleeping-cars 448*,  449 

Singapore  [see  Great  Britain :  colonies :  Straits  Settlements). 
Singkep  (see  Netherlands :  colonies). 
Siv-Daria  (Turkestan,  Russia), 
mining  industry — 

coal 262 

Skalkovsky,  C,  mining  engineer,  secretary  of  the  OvtniU  Seienttfique  det  Mines  (Russia),  bis 

' '  TabUaux  Statistique  de  Vlndttstrie  det  Mines  en  Ruatie  "  cited 247  note,  248 

Slate  (see  Mining). 
Smichow  (Bohemia,  Austria). 

railway  apparatus  manufacturod^ 

freight  cars 428 

passenger  cars 428 

Smith  (T.  SlR.)  &.  Co.  (Edinburgh,  Scotland),  preparations  of  opium 129 

Smith's  Qomceopathic  Pharmacy  (Kew  York  City),  globules,  alkathrepta 160 

Smithsonite,  car bunate  of  zinc,  definition  of 288 

Smyth,  11.  B.,  his  ''Gold  Fields  and  Mhieral  Districts  of  Victoria "  (Australia)  cited 230, 245 

Snamm  (Norway)— 
mining  industry — 

cobalt 208 

Society  Anonima  per  la  Fabbricazione  dello  Soda  (Leghorn,  Italy),  soda 03 

Soci6t6  Anonyme  d* Aluminium  (France),  aluminium  wares  and  alloys 85 

Soci6t6  Anonyme  de  B61ian  (Meavin,  Belgium),  acids,  soda,  phosphates 76 
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Sooi6t6  Anonyme  de  Bloyberg-ds-Moiitzen(  Belgium) — 
mining  products — 

galena,  lead,  dno,  eto « 282, 

punpiDg  machinery 284,285 

ore-diesaing  works 285,286 

provision  for  the  welfare  of  operatiTos 286 

honorable  mention,  Paris  Exposition,  1867 286 

Sooi6t6  Anonyme  de  Croix  (Itonbaix,  Franoe),  potash,  s;ilts 79 

Sooi6t6  Anonyme  dea  Mines  de  SCalfldDno  (Sardinia,  Italy) 80&-312 

zinc  mines  at  Grenna- Arenas 309,310 

Maiadano 800-312 

Monte-Rexio  309,310 

Planedda 3Q0.3U 

Planu-Sartu  300,310,311 

ore  roasting  ftimace  at  Buggerru 3 12 

production,  1860-77 3U 

operal^ves  employed 312 

QodAtA  Anonyme  des  Mines  et  Fonderies  de  Zinc  de  la  YiciUe-Montagnb  (Li6ge,  Belgium)  —  286-291 

works  and  mines  of,  in  Algeria,  at  A'in-Safra 287 

Hamman 287 

Belgium,  at  Angleur 286 

BaldaZ'Lalore 296 

F16ne 286 

Moresnet 286 

Saint  Leonard 286 

Tilff 286 

Valentin-Cocq 286 

TVclkenraed  t 286 

Franoe,  at  Asnidres 287 

Bray 287 

Droittecourt 287 

Panchot 287 

Salnte  Iklarie 287 

Vivies 287 

Germany,  atBensberg 2S7 

Borbeck 287 

Mayen 287 

Oberhauscn 287 

Uekerath 287 

Wiesloch 287 

Sardinia,  in  Iglfisias  diatriot  287 

Sweden,  at  Ammeberg 265^287 

production,  1860-*77 288 

calamine 2ffi 

coal 288 

lead 288 

sine  blende 288 

crude 288 

ores 288 

sheet 288 

white 288^291 

operatives,  number 289 

wages 289 

work  performed 2(9 

provision  for  the  welfare  of 289 

Soci6t6  Anonyme  des  Mines  et  (Tsines  de  Sambro  et  Muuse  (Hantmont,  France),  soda  manufoc* 

ture •. 80 

Sooi6t6  Anonyme  des  Produits  Chimiques  du  Nord  (Lillo,  France),  products  of  soda  industry, 

manganese,  superphosphates,  salts 80 

Soci^td  Anonymo  des  Produits  Chimiques  pour  les  Sciences  et  Tlndustrie  (Paris,  France),  i»alt8, 

acids,  triphenylmcthan,  bcnzophouon 8S 

Soci6t6  Anonyme  des  Produits  Chimiques— ifitablessoments  Mal6tra  (Paris,  Franoe),  soda»  acids, 

salts 79 

Soci6t6  Anonyme  des  Sondidres  du  Griffon  (MarseilleSj  France),  soda  prepared  by  ammonia 
fromgasworks tl 
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Sooi6t6  de  Construction  des  BaUgnolles  (Puis,  France),  express  looomotiTe,  built  for  the  West* 

om  Railway  Company  of  Franoe 433, 444 

illustration  of 434* 

Soci6t6  des  Eaox  Min^rales  de  Vidago  (Villa  Beal,  Portugal),  mineral  waters 149 

Soci6t^  des  ManufEhcturcs  des  Glaoes  et  dos  Prodults  Chimiques  de  Saint  Gobain,  Chauny,  et 

Cirey  (France),  soda  products,  alum,  potash,  acids,  etc 81 

Soci6t6  des  TTsines  de  Laurlum  (Greece),  mines  of  lead,  silTer,  zinc,  etc ;  smelting- works ;  ore- 

dressfaig 337,338 

Socl6t^  Fran9alse  des  Mines  de  Lanrium  (Greece),  mines  of  lead,  silver,  zinc,  calamine,  etc 333, 338 

Soci6t6  Cr^n6rale  des  Alums  (Civita-Yecchia,  Italy),  alum,  alumina 94 

Soci6t6  G^n^rale  des  Moteurs  ii  Air  Comprim6  (Paris,  France) — 

engines  and  cars  for  street-railways 461,482,463 

Illustrations  of 462*,  463*,  464* 

locomotives  for  mines 461 

Soci6t6  G6n6rale  pour  la  Fabrication  de  la  Dynamite  (France)— 

exhibit 185 

tests  of  oomiMurative  force  of  powder,  dynamite,  dynnmitc-gum,  et« 185 

Soci6t6Hilarion.  Konx,  &Co.— 

undertook  resmelting  of  ancient  mining  waste  at  Lanrium,  Greece 837 

broken  up  by  rapacity  of  the  Greek  Grovemment 837 

Soci6t6  Hongroise  pour  le  Lavage  des  Lainea  (Buda-Pest,  Hungary),  potash  from  snint  of  wool  75 

SoGi6t6  Industrielle  et  Artistique  of  Monaco,  perfumers'  materials 145, 146 

Soci6t6  John  CockerlU  (see  Cockerill  (John)  Society). 

Sooi6t6  Suisse  i)onr  la  Construction  de  Locomotives  et  de  Machines  (Winterthur,  Switzerland)— 

horizontal  condensing  steam-engine 375,376 

illustration 375* 

Soetbeer,  Br.  Adolf— 

his  *' EdelmetaU-produktion  und  Werthverhdltniss  zwitehen  Ooldund  SUb^r"  (production 

of  precious  metals  and  relative  value  of  gold  and  silver)  cited 171, 233  note,  234 

paper  on  "The  Pnxluction  of  the  Precious  Metals  in  the  United  States  "  translated  and 

quoted 345-360 

Solvay  (Ernest)  &  Co.  (Couillet,  Belgium,  and  Nancy,  France)— 

ammonia-soda  manufacturing-process 44, 45, 46, 49, 76 

cost  of  manufacture 46 

chlorine  manufactur  in  g  process 51, 52 

exhibit 7ft 

works  and  production  76 

Solvay  &,  Co.  (Yarangdvine-Dombasle,  France)  soda 81 

Sondmore  (Norway)— 

cod  fishery 146,147,148 

Soomah  (Algiers,  Algeria) — 

iron  mines 189 

SOUTH  AMERICA  (gee,  also,  Argentine  Republic.        Chili, 

Bolivia,  Pern, 

Brazil,  Venezuela) — 

Chsiobtbt  and  Phabmact-7 

exhibit 97,153-155,157 

exhibitors,  number  of 7 

awards,  number  of 7 

materials — 

cinchona 117 

iodine,  by-product  of  soda  works 55 

displacing  European  mannfactore 55, 56, 78 

nitrate  of  sodium  deposits 27 

vanilla 09 

exports — 

cinchona  bark 1 17 

iodine 55 

nitrate  of  sodium 27 

to  Great  Britain 27 

saltpeter 28 

toBelfdum. 28 

France 22 

imports — 

perfumery  from  France 116 

42  P  B — VOL  4 
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SOUTH  AMERICA—Continued. 

CHEMTBTBT  and  PHAK]iACT-«- 

prodacta,  by-products,  material*— 

allapice 154 

anise 154 

boro-natro-oaloite 50 

oaoutxshonc 154 

eajpit  caCi,  root 154 

cedar,  reain 154 

ceradilla 154 

oinchona ! 154 

coca 188-188, 151, 155 

ooobineal 134,155 

oopaiba 154 

dye-staffs ^. 154 

eUzirof  coca 154 

eacalyptos  preparatioDs 154 

flaxseed 154 

gaaiaiia 164 

iodine 55^58,97.155 

jaboraodi 154 

mat« 154 

matico 154 

oilofpotro 154 

pimianta 154 

qaebraoha  resin 154 

saltpeter 28,87 

sarsaparllla 154 

sixnaroaba 154 

soap 154 

sodaash     87 

sodium,  chloride 27 

nitrate 27,28^55,87.155 

solpbar ' 97 

tanning  materials 154 

tartar,  cresm  of 97 

tonqna  beans 151 

Tsnilla 68,155 

FOBSSTBY — 

cinchona  tree,  growth  of,  in  the  Andes 136 

Bolivia 137,188 

Colombia 187,138 

Ecuador 137,138 

Pern 137,138 

acclimated  in  Martlniqae 123 

India 136-140 

Java 141 

varieties  of 138 

medicinal  use  of  (see  Chemistry :  cinchona,  alio,  quinine). 

gold  production 284 

silver  production 234 

South  Australia  {8oe  Great  Britain :  colonies :  Anstralia). 

South  Carolina  {see  United  States). 

Southall  Bros.  &  Barclay  (Birmingham,  England)— 

extracts,  chemicals  for  analytical  purposes,  principles  from  cod-liver  oil 129 

soluble  meat lH 

SPAIN  (•«,  otoo,  Alicante,  Felanix,  Navarra, 

Astnrias,  Gerona,  Oviedo, 

Balearic  Isles.  Gnipuzcoa,  Palencia, 

Barcelona,  Haro,  Rio  Tinto, 

Bilbao,  Hnelva,  Santander, 

Biscaya,  Leon,  SevUlay 

BoUulos,  Lerida,  Teruel, 

Castellon,  Logrono,  lliarsis, 

Cordova,  Murcia,  Toirogrosa) — 
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SPAIK-^Contiiraed. 

Cbbmistbt  akd  Phabmact-* 

exhibit,  chemical ~ -^ 96 

pharmaoentical 161,152 

exhibiton,  nnmber  of , 7 

awards,  xnimber  of 7 

condition  of  the  industry 88,151 

mannfactorea— 

cream  of  tartar,  from  wine  lees 152 

oliyeoil 162 

wines ^ 152 

production  and  consumption-— 

manganese,  oxide 96 

pyrites 9, 18^96 

salt 96 

solpbur 9,96 

exports- 
materials  to  France 96 

GreatBritain 96 

corks 152 

Itael  used  in  maanfaotare— 

coal 96 

products,  by-products,  materials— 
acids- 
nitric 96 

sulphuric 96 

anise 152 

beeswax 152 

camomile 152 

oarouba 153 

carthamus 152 

cochineal 152 

digitaline 152 

digitalis 152 

ergot 152 

ergotine.* 152 

ether 96 

extract  of  licorice  root 152 

honey 152 

hops 152 

licorice  root 152 

madder 152 

manganese,  oxide    96 

peroxide 54 

mineral  waters ^  151 

nitric  acid 96 

oliTeoil 152 

opium  152 

pyrites 9,18,15,96 

safflron 162 

salt 96 

soda. 96 

ash 96 

sulphur 9;  96 

sulphuric  aoid 96 

sumac 162 

tartar,  cream  of 96^162 

wax 162 

wines 162 

woad 19fi 

Clocks  and  Watchbs— 

exhibit 406 

FOBBSTBT— 

cork,  exported 152 

eucalyptus  acclimated  andmalaEia  dispelled 184' 
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SPAIN— Continued. 
Macbinbbt— 

engines,  steam — 

munber  employed  in  coal  mines 314,315 

MiKIHO  IMDUBTBIEH— 

report  on 318-317 

exhibit  tmsatlsfiujtory 313 

information  wanting 813 

checked  bj  Carlist  war 190,316 

Bttmnlated  by  railway  bnilding 190,816 

yariety  of  mtiieraLs 313 

location  of  mineral  deposits 313,314,310,320,322 

great  possible  importance 313,315 

obstacles  to 316 

ancient  workings  by  the  "Romans,  Carthaginians,  etc 823, 824 

coal 818 

location  of  deposits 314 

favorable  for  exportation 318, 315 

mining  checked  by  political  maladministration 100, 314, 316 

area  of  deposits ♦ 314 

prodnction 314 

number  of  operatires  employed 314^  315 

steam  engines  employed 314,315 

copper 313 

location  of  mines 314 

iron 313.316,817 

excellence  of 313,316 

location  of  mines 313, 314, 816 

j;rodnction 316 

analysis  of  vena  dulce 316,317 

campanil 316^317 

mineral  rubio  316^317 

lead 313 

location  of  mines 313 

desilverized  in  Great  Britain 2O9iiot0 

quicksilver    813 

zinc 818 

location  of  mines 318,314 

production  and  consumption — 

coal 171,225.318.314.316 

anthracite 314,315 

Ugnite 314,315 

amount  used  in  mining  and  metallurgy 815 

railways 315 

illuminating  gas   315 

steam  navigation— navy 815 

mercantile. .  .V. 315 

general  industries 315 

cobalt : 813 

copper 222,318,314 

iron 172,176,100,281,313,814,816,817 

ore 172 

pig  172 

wrought 172 

lead 172,175,209  note,  213, 223, 813 

nickel 813 

pyrites 9, 13, 314, 224, 318, 823 

salt 281 

silver 313 

steel 172 

tin /! 212 

zinc 178,176^214.224,818,314 

exports — 
copper — 

to  Great  Britain 


INDEX.  661 


SPAIN— ContisDAd. 
MmiKO  Industbies— 
ezporto- 

Iron 318 

to  France 176 

Belglun 281 

lead- 
to  Franee 175 

Great  Britain 209,213,223 

pyritea— 

to  Great  Britain 18,214,224 

salt- 
to  Bnasia 261 

tin- 
to  Great  Britain 212 

sine— 

to  France , 175 

Great  Britain :..  214.224 

hnporta— 

coal 315 

from  Great  Britain 225 

PROVINOES- 
CtTBA- 

FOBIBTBT— 

enoalyptns  acclimated  in 1S4 

dispelling  marsh  diseases 135 

MlNINO— 

copper:  exports  to  Great  Britain 222 

Spenoe,  Peter  (Manchester,  England),  alum,  alamino-ferrio  cake 91 

Spencer  (England) ,  mnffle  fumaoe  for  burning  pyrites 12 

Spooner,  C.  B.,  engineer  of  narrow- gage  railway  from  Port  Hadoo  to  Festiniog,  Wales 455. 456 

^rengel,  H.,  improvement  in  snlphurio  acid  yitriol  chambers 16 

Spruce,  Biohard,  botanist ;  botanical  exploration  of  Ecuador,  for  transplantation  of  cinchona 

to  India •. 137 

Stabilimento  Prodottl  Chimici  (Fiume,  Hungary),  chemioal  products 144 

Stanford  (Glasgow,  Scotluid),  manufacture  of  iodine  from  kelp 5C 

Stark  Chemical  Works  (Bohemia,  Austria),  manufacture  of  fuming  sulphuric  add 22, 23, 73 

Stas,  process  of  separating  alkaloids 125, 138 

Stassfurt  (Germany)— 
chemical  industry- 
borax 59 

bromine 54 

potassium  salts 28,29,80-32,54 

Douglas's  system  of  boring  for 30 

composition  of,  formula 31 

sulphate  of  soda 33 

**8taHttiq%LedeVInduHrUMiniraW  cited 174  vote,  178  note 

Stavanger  (Norway)— 
chemical  industry- 
soda  95 

sulphuric  acid 95 

hydrochloric  acid 95 

Steam  engines  (sm  Machinery). 

BneOBT  OK  "Stbam  akd  Gab  £MGiirB0,"by  Axdrbw  J.  Sweenev  {indexed  under  MsLchineTy)  363-387 
Steel  (see  Metal-working ;  alto,  Mining). 

Stephenson  (John)  Company  (New  York  City),  slareet-railway  cars 461 

Stemfels,  J.  (Leal,  Esthonia,  Bussia),  oil  of  cumin 150 

Stevens,  Samuel  G.,  M.  D.,  prepared  for  publication  the  Beport  on  "Chemical  and  Phabma- 

CBUTICAL  PB0CB8SB8  AMD  Peefabations,"  by  Dr.  Thomab  E.  Jenkikb,  deceased 2 

Stevenson  &  Co.  (England),  soda  manufacture 35 

Steyerdorf  (Austria)— 

coalmines 437,438 

mixed  with  inferior  qualities  of  Austrian  coal 437,438,430 

quality 438 

yields  good  coke 438 


662  INDEX. 

Page. 
Steyermark  (AnstriA) — 

lignite  depoBits 2M 

Stockholm  (Sweden)— 

chemicalindiiBtiry 158 

ink 158 

perfumery 158 

86ba8tine  (explosive) 158 

soap 158 

Stoneware  (see  Ceramics). 
Stora-Kopparberg  (Sweden) — 
cliemioal  industry— 

acid,  sulphuric 97 

copper,  solphate 97 

iron,  sulphate 97 

sulphur 97 

mining  industry — 

pyrites 98,97 

Stora-Kopparberg,  Mines  of  (Sweden) ,  snlphnzio  aoid,  solphates  of  iron  and  copper 96^97 

discovery  of  selenium  by  Beraeliaa 97 

Straits  Settlements  (m«  Great  Britain :  colonies). 
Street-cars  {see  Bailways). 

Stromeyer,  process  of  mannfaotaring  cmde  soda ^ 

Stroud  (Kew  South  Wales,  Australia) — 
mining  industry — 

coal 242 

Strzelecki,  Count,  discovered  gold  in  Australia  (1889) *. 2S1 

Styerdorf  (Hungary) — 

coal  deposits 2M 

Suess,  E.( Austria),  his  "Zul»n^edM6foMM"  cited 233»846,368 

Sulphur  (see  Chemistry;  tUto,  Mining). 
Snlzer  Brof«.  (Wlnterthur,  Switzerland) — 

compound  condensing  steam-engine 877, 3^ 

perspective  view S78* 

Sumatra  (ue  Netherlands :  colonies). 

Sussurbi  (Asia-Minor),  borate  of  iimedeposits SB 

Svappavara  (Lapland) — 
mining  industry — 

copper 284 

Swansea  (Wales) — 
mining  industry — 

copper  ore,  price 241 

production 9>9,2Mi»oCs 

silver  ore  manufiictured 208 

sine  ore  manufactured 214 

imported  trom  Laurium,  Greece 338 

Swfttoi-Ostrow,  island  in  the  Caspian  Sea.  ozokei-it  deposits 72 

SWEDEN,  (fee,  a2«o,Ammeberg,  Kleva,  Sttgmyra, 

Alvidaberg,  Koplng,  Sala, 

Fahlun,  Kopparberg,  Stockholm, 

Gothembourg,  Lysekil,  Stora-Kopparberg, 

Hogftniis,  Malm5hus,  TOnaberg, 

Kahnar,  Orebro,  Upsala) — 

Chbiobtry  axd  Phabmact— 

exhibit^  chemical 98.97 

pharmaceutical 12^153 

exhibitors,  number  of 7 

awards,  number  of 7 

condition  of  the  industry M 

manufactures — 

aseptine,  for  preserving  cooked  food 158 

raw  meat 152 

anatomical  preparations 153 

potash 96 

saltpeter 96 

86bast  ine  (explosive) 153 
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SWBDBN— GontimMd. 

dODOBIltT  AMD  PHABMACT^ 

mamiliMsterea— 

propertiea  of 163 

aolplmrio  aold 96 

superphoapbates 96 

pTodnotion  and  conaomptioiii 

aaeptine 162 

boric  aoid 162,163 

aaJtpetor 96 

oontribaUon  ezaoted  by  govenimoiit  from  prodnoen 28 

a6bartiae 168 

golphnrio  add 96 

•aperphosphalea 96 

prodnota,  by-prodnota,  matfflialH— 
adda— 

borio 182,163 

■«lphTM4<t 96,97 

albumen 162 

arbutuB  uva  nrai 1^ 

aaeptine 162 

oharooal,  irood 162,168 

copper,  aulpbate 97 

creoBoteoU 152 

iothyocoUa 168 

Ink 163 

iron,  oxide 97 

Bnlpbate i 97 

malt,  extract 163 

nitro-glycerine 163 

perfumery 153 

"potaah 96 

pyritea , 10,96^97 

aaltpeter 28,96 

86ba8tine  (explosiTo) 158 

aeleninm 87 

aoap 158 

anlpbnr 10,97 

anlphmio  aoid 90^  97 

enperpbosphatea 96 

tanning  material 162 

tar 162 

turpentine 162 

Tinegar,  wood 162 

CLOCKB  AMD  WATCUXa— 

exbibit 405 

Hachinert  (including  toola,  implementa,  appliancea,  proeooaeo)— 
chemical — 

apparatus  for  distiUing  spirits 285 

forestry — 

poatmaWng 268,264 

production  of 263 

metal-working— 
copper— 

amelting-worka,  rolling-milla,  etc 265 

mining— 

of  a  primitire  character 266 

water-wheels 266 

prospecting  implements:  magnetic  needle 266 

boring  apparatus 206 

competitive  trials  of 266 

disused '. 266 

MVTAL-WOBKIRO— 

brasa 265 
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SWEDEN— Continued. 
Krtal- Working— 

copper - 

distiUing  apparatos 

Geiman  silTer • 

silver-plating 

MlXnCO  LmUBTRIES— 

report  on , 

exhibit 

governmental  explanatory  pabllcationa 282 

geological  formation 282,26!^286 

coal 288 

inadequate  supply 268 

obtained  by  importation 263 

;?ield 263 

copper 264,287 

ocoorrence 264 

ore  dressing 264,287 

extraction  processes 264 

smelting  in  blast  ftumaces 264,265 

yield 264,265 

metallurgical  establishments 265 

gold 

extraction  ft  om  copper  pyrites 

iron  and  sted 268,: 

memoir  on,  by  Professor  Akeiman 264 

peat 263,264 

yield 

manufacture  by  machinery   263^ ! 

used  to  generate  gas  for  Siemens  fhmaces 264 

zinc 265,287 

occurrence,  as  blende 285 

concentration 266 

yield 265 

prospecting  by  boring 263,! 

magnetic  needle 

mining  machinery  and  appliances 266 

operatives — 

number  employed  in  copper  works 

production  and  consumption — 

clay,  fire 

coal 171,225,; 

cobalt 265,287 

coke 268 

copper 268,264,265,287 

pyrites 

gold 

graphite 

iron 172,261.262.264 

pyrites 10,265 

ore 172, 202,264 

pig 172 

wrought 172 

lead 265 

manganese 265 

nickel 266 

peat 268,264 

salt 261 

steel 172 

silver 2tt 

Bine 224.262,265,287 

exports — 
copper- 
to  Great  Britain 264 
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BWSDBN— ContiniMd. 

MlMINO  INDUSTRIIS— 

exporter- 
Iron — 

toRoMiA 261 

salt' 

toRoaeiA :.         281 

zino — 

to  Great  Britain 224 

imports — 
coal— 

from  Great  Britain 225 

Railway  Appabatub— 

exMbito 419,423 

jiassenger  oars 445 

8WKKNB7,  Amdbbw  J.,  Additional  Commissioner,  Rbport  on  '* Stkam  and  Gab  Exoinbs " 363-387 

Swine  fattened  on  caraway  oil-oake,  in  Austria 11 

SWITZERLAND  (fM,  alao,  Aarao,  Geneva,  Sohaffhaosen, 

Basle,  La  Plaine,  Uetikon, 

Berne,  Mollis,  Winterthur, 

Ecrenses-Lode,  NenohAtel,  Zurich)— 

Fleurier,  Rorsohaoh, 

Chimistry  and  Phabmacy— 

exhibit,  chemical 97 

pharmaoeutioal  155,156 

exhibitors,  number  of 7 

awards, number  of » 7,8 

condition  of  the  industry 8,97,155 

difficulty  firom  absence  of  coal  97 

chemical  materials 97 

manufkctorea— 

acids 97 

chlorine 53 

coloring  materials  from  anthracene 101-105, 155, 156 

copper,  sulphate 97 

manganese  oxide,  regeneration  of 97,156 

polishing  materials,  artificial  diamonds 1 56 

salts 97 

soda 97 

sulphuric  acid 12, 97 

production  and  consumption^ 

hydrochloric  acid 97 

iron,  liquor  (for  silk  mannfaoture) 97 

sulphate 97 

lime,  chloride 97 

nitric  acid 97 

pyrites 9,97 

soda 97 

tin,salto 97 

zinc,  chloride 97 

Itael  used  in  mannfacture— 

coal  (deposits  wanting) 97 

<9entiTes— 

number  employed 97 

products,  by-products,  materials — 

acids 97 

anthroquino-disulphurous 103, 104 

monoeulphurous 103,104 

hydrochloric 97,106 

hydroBulphurous 105 

nitric 97,104 

sulphuric 97,102,103,105 

fbming  (Kordhausen) 103 

•liaarine 101,103,104 

alumina 105,156 
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SWITZERLAND— ContiDaed. 

GHBMlgTRY  AKD  PnARMACT— 

inodaots,  by-products,  mfttcrlailii 

anthraoeiiie 1AI,16I,1M 

antbraqvinone 109^  103,10ft 

baryta 105 

benzine IM 

"boron  diamondB** • - '. IB* 

OMeine 165 

obrome 106 

snlpbate 102 

coloring  preparationa 101-105,  US,  IfiC 

copper,  snlpbate W 

diaammtine,  for  polishing  jewelry,  etc 166 

diamonds,  black,  artifloial ^ 156 

"boron" 116 

carbon,  artiflcial 156 

extracts  of  Alpine  plants ISB 

glucose 106 

glue 156 

glycerine 106 

bydrocblorio  acid 87,106 

hydrosnlphnroos  acid 105 

iron  liquor,  for  silk  manufacture 07 

salts • 106 

sulphate 07 

leather  dressing ^ 66 

lime  *! 105 

chloride 97 

malt  preparations  166 

manganese,  oxide 87 

regenerated 156 

nltricacid  97,104 

nitro-alizarine 104,105 

petroleum  etiier  104 

potassa,  bichromate 101,108 

chlorate 104 

sulphate 102 

quinone 108,106 

salts 97 

iron 105 

tin 97,106 

soda 104 

anthroquino-moiUMnilphite 108 

carbonate 102 

caustic 104 

crystals 97 

lye lOB 

sulphate 97, 108 

sulphur ; 8^10 

sulphuric  acid 97,108,108,105 

fuming  (Nordhausen) 109 

tin,salts  97,106 

zinc        105 

chloride 97 

Clocks  and  AVatches— 

exhibit 406 

watches- 
collective  exhibit  405,406 

arranged  by  cities  and  cantons  406 

at  Centennial  Exhibition,  1876 410,411 

not  uniformly  exctdlent 407 

not  made  by  machinery  {see,  alio,  lisydhio   cy,b«Iow) 407 

system  of  piecemeal  hand  manufacture 406 
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SWITZEBLAinV-Continnad. 

ClOCKB  AXD  WaTCHKB— 

watches— 

operatives — 

work  perfonned  by 411 

opposed  to  new  methods 412 

trade  in,  ii^ured  by  American  competition 410, 411 

exports — 

to  United  States 410.411 

declining 410,411 

excellence  increased  by  trials  at  national  obserTatoories 412 

Hachin BBT  (inclnding  tools,  implements,  appliances,  piocMWoo)— 
chemical — 

nliswine  coloring  preparations — 

Bindschedler  &  Basch's  process 101-104, 105 

chlorine  mann&ctore— 

Jetder's  apparatus 58 

plan  exhibited 97 

snlphnxlc  acid  manofacture — 

pyrites  burners 12 

engines — 

horizontal  condensing  steam-engine :  Sool6t6  Suisse  poor  la  Constmction  de  Loco- 

motires  et  de  Kaohines,  Winterthur,  exhibited 375, 87G 

illustration  of 876* 

compound  condensing  steam-engine :  Sulser  Bros.,  Wlnterthur,  exhibited 877, 376 

illustration  of    378* 

watch-making— 

litUeused 407,412 

imported  or  imitated  from  United  States 407,408 

disbelief  in 409,410.412 

opposed  by  operatives 412 

liUIIlfO— 

pyrites .       9,10 

Railway  Apparatus— 

exhibits 423 

TsxTiLB  Fabrics— 

dyeing  preparations,  alizarine,  etc 101-104, 105, 156 

silk- 
iron  liquor  97 

dressing  with  thao 127 

Sydney  (New  South  Wales.  Australia)— 
mining  industry — 

coal 242 

Syra,  Island  of  (Greece) — 

deposits  of  manganeee 64 

Tagnllsk  (UnJ  Mountains,  Russia)— 
mining  industry — 

platinum 250 

Tahiti  dee  France:  colonies). 

Taillandler,  L.  A.  ( Argenteuil,  France) ,  quinine 117 

Talbot  (Victoria,  Australia)— 
mining  industry — 

lead 245 

Talc  (•««  Mining). 

Tallawang  (New  South  Wales,  Australia)— 
mining  industry — 

coal  deposits 220 

gold  deposits 229 

Tamagawa,  K  (Miye,  Japan),  opium 146 

Tambov.  Government  of  (European  Russia)- 
mining  industry- 
iron 256 

Tar  {tee  Chemistry;  alto,  Forestry)— 

replaced  by  pitch  in  artificial  fdel 187 

Tariff  (#M  Protective  legislation). 
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Taam&niA  («M  Qreftt  Britain :  colonlM). 
Tatti  (Italy)— 

lignite,  analysis  of 907 

Tausaig.  Gottlieb  (Vienna,  Anatria),  toilet  artiolea Ill 

Tchemioc  (France)— 

process  for  mannfiustore  of  ferro-cyanlde  of  potassinm 15^  61,  <t2 

reactions  Involved 91,62 

Tolomark  (Norway)— 
mining — 

copper 268 

Tcnnant  (Charles)  6c  Co.  (Saint  Bollux  Works,  Glasgow,  Scotland)— 

work  borate  mines  at  Soasurbi,  Asia  Minor 50 

soda  products,  utilization  of  residues,  oxide  of  manganese,  snlphnr,  etc 89;  00 

chlorine SO 

Tennessee  (tee  United  States). 

Teredo  unable  to  bore  timbers  &om  the  eucalyptus IS6 

Terek  department  (Caucasus,  Ku8sia>— 
mining  industry — 

lead 262 

silver 202 

Teruel,  Province  of  (Spain) — 
mining  industry — 

lignite 314 

Tessid  du  Motay,  C.H.(Pai-ia,  France),  WAa^iiiiig  «hAiin<ft«l>,  barium 85 

Tetz,  R.  (Moscow,  Russia),  glycerine  capsules 150 

Texas  (tee  United  States). 
TEXTILE  FABRICS- 

bleaching  materials  62,81,85.00 

••Jarel  water" 81 

sodium  hydit>sulpbite 26 

dressing— 

thao,a  substitute  for  starohfgum, etc 127,145 

dyeing  materials- 
alcohol 1U6 

alizarine  10(^108 

blue lOe-108 

iUnm 106 

alumina 106 

aluminium,  sulphate  (for  Turkey  led) 57,58 

anihracine  (SM  alizarine). 

authraquiuone .,. 101,102,103 

arsenic  acid : 106 

baryta 105,106.108 

benzme lOilOO 

calcium,  chloride 108 

chrome 102,106,106^107 

chromium,  acetate IM 

dextrine 107 

glucose 105 

glycerine 105,106.107 

hydrocliloric  add 101,105 

hydroeulphurons  acid 105 

indigo 105,106,107,108 

iron 105,106,107 

lime 105,106,107,108 

madder 80,100,101 

displaced  by  alizarine 100,101,113 

magnesium,  chloiide IW 

nickel,  ox  ide 106 

nitro-alizarine 104, 105 

nitro  us  acid 1 04, 105 

potash 107 

potassium,  olizarate 101 

ferro-cyanlde 108 

saffron 113,151,152,155 
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TSXTTLE  FABBIGS— ContinQed. 
dyeing  materiaU— 

soap  ...  100,107,108 

8odft,aiithroqiilno-mono8iilpUte 103 

caastio 104,107 

hyposiilphite 107 

phosphate 307 

stannite 107 

sodium,  hy  drosnlphite 26 

starch 108 

strontia  106^108 

Bolpholeio  acid 108 

solpharic  anhydride 28, 103 

acid 101,102,103,105,106 

fdming 23,103 

snlphnroQs  acid 25 

tin 105,106 

woad 113,152 

zinc 105,107 

cotton — 

alizaiine-hlne  dyes 107 

•ilk- 
dressing  with  thao 127 

ironliqnor 97 

woolen— 

horax  soap,  for  bleaching 160 

sodium  hydrosalphite,  for  printing 26 

Thaler,  Austrian  coin,  derivation  of  the  name 300 

Thames  Biver  (Xew  Zealand) — 

gold  mining 233 

Tharsis  (Spain)— 

ancient  Boman  mining  remains 823 

Theiss  Bailway  Company  (Hungary)— 

locomotiTO  exhibited  441,442 

illustration 442* 

Th6len,  apjmratus  fur  OTaporating  soda  lye 39, 80 

Thermissia  (Greece) — 
chemical  industry — 

salt 91 

Thibanlt  (France),  apparatus  for  the  manufacture  of  superphosphates 57 

Thirion  (France),  process  of  manufacturing  soda 51 

soda  silicate  for  glass-making  51 

Tholozan,  Dr.,  physician  to  the  Shah  of  Persia,  description  of  the  properties  of  henna 151 

Thomas  (L.)  &Co.  (Paris, France),  "Jarel  water "  for  bleaching,  gallium 81 

Thomas  (Seth)  Clock  Company  (New  York  City),  exhibit  of  clocks 405 

silver  medal  awarded 405 

Thomasset  d&  Driot  (Paris,  France),  hair  belting 401 

Thompson,  H.  A.,  his  writings  on  gold  deposits  in  Australia  quoted 281 

Thomson,  Thomas  (Glasgow,  Scotland),  invented  manufacture  of  sulphuric  acid  from  pyrites 

(1835) 207 

Thorn,  exi>eriments  in  oxalic  acid  manufacture 63 

Thresh  (England),  discoverer  of  capsaicine 129 

Thiinberg  (Sweden),  peat-working  machine 264 

Thniingia  (see  Germany). 

Tiemann  (Berlin,  Germany),  Investigation  of  coniferin,  process  of  making  artificial  vanilla 70, 71 

Tiflis,  Government  of  (Canoasus,  Bnssia)— 
mining  industry — 

copper 253 

Tilden&Co.  (New  York  City),  vegetable  drugs,  extracts,  pills 157 

Tilden  (William)  A  Stokea  (New  York  City),  varnishes 160 

Tilff  (Belgium)— 
mining  industry- 
rolling-mills 286 

Tin  (fee  Chemistry    aUOt  Metal- working :  alfo,  Mining). 

Tiasier,  F.  (Conqaan^  Finistdre,  France),  iodine  made  from  sea-weed,  bromine,  etc 81, 82 
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TiBy,£.  (Paris,  Fraaoe),  '* elixir  eapepttqae   

Todd,  A.  M.  (Nottawa,  Mioh.),  essential  oils 160 

Toenich  (Belgiiim)^ 
mining  industry — 

iron , 280 

Tokio  iJapan)— 

chemioal  indostry — 

beeswax 145 

Tegetable  ooloring  matters 145 

Tommasi,  Antonio  (Pemgia,  Italy),  aaparagliie 142 

Tomsk,  Government  of  (Siberia^  Russia)— 
mining  industry— 

coal 258 

copper 268 

gold 818 

iron 299 

lead 298 

silrer 2SB 

Tonne  (=1,000 kilos.=2,205 pounds),  deflnitionof 171 

Tools  (»M  Machinery). 

Torchon,  C.  (Paris,  Fraaoe),  propyllc  chloral,  animals  preaerred  by  injected  chloral 120 

Toronto  (Cuiada) — 

chemical  industry 77,112 

Torregrosa  (Spain)— 
chemioal  industry — 

sodaaah 88 

Torregrosa,  Count de  (Torregrosa,  Spain),  sodaaah 88 

Tonla,  Government  of  (Buropean  Bossia) — 
mining  industry — 

iron 898 

coal 258 

Tramways  {tee  Bailways). 
Transbaikal,  Government  of  (Siberia,  Bussia) — 
mining  industry- 
gold, 849 

iron - 267 

lead 2S2 

silver ^ 292 

Travanoore  (British  IhdU)- 
forestry- 
cinchona  cultivation  188 

Triest  (Austria)- 

chemioal  industry 78 

pills 188 

soda 78 

Trinidad  (tee  Great  Britidn :  colonies). 
Tromso  (Norway) — 
chemical  industry— 

cod-liver  oil ^ 118 

Trondhjem  (Norway)^ 
chemical  industry — 

cod-liver  oil 148 

potassa,  bichromate 86 

mining- 
copper 

Trouillet,  Auguste  (Paris,  France),  numbering-maoUnes,  for  nete^  tiokete,  eto 

T^Jiun,  Chinese  mining  implement,  description  of 811 

Tuapeka  River  (New  Zealand) — 

gold  mining 

Tufo  (Italy)— 

chemical  industry — 

sulphur 

Tlinaberg  (Sweden)— 
mining  industry — 

cobalt 
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TTTBriS— 

Chbmibtst  and  Pharmact— 

exhibit 152 

exhibitors,  number  of 7 

products-^ 

anise 15S 

carraway  seeds 152 

coriander 1S2 

cnmin 152 

fcenngreok 152 

henna ,. 152 

pistachio  nuts 153 

Tnnyoap  Mannfactnring  Company  (Boston,  Mass.),  leathw  dressing  from  petroleum  waste 100 

Torek,  suction-ta\)ectorB  for  locomotives 432 

Turin  (Italy)— 

chemical  industry — 

ammooia,  sulphate   M 

iron,  acetate 94 

oxide M 

sulphate. 94 

magnesia,  sulphate 94 

soda,  sulphate 94 

sulphur •. 92 

sulphuric  acid 92,94 

mining  industry- 
iron 306 

T&rk  (Nancy,  France),  ammonia-soda  mannfkcturing  process 44 

TURKESTAN— 
Meqng— 

coal 258 

bituminous 258 

lignite 258 

productiOD 258 

TURKEY  («M,  altOf  Constantinople). 

HiKIKG  INDU8TBIE8— 

imports — 

tin  from  Great  Britain 221 

sine  from  Great  Britain 294 

exports — 

coal  to  Russia 261 

Tuscany  («M  Italy :  provinces). 

Twedddl,  R.  H.  (London,  England),  hydraulic  machinery 398 

Tyne  Alkali  Company  (Newcastle,  England) ,  soda,  potash,  satin  white  firom  barium 90 

Tyrol  (Me  Austria-Hungary :  provinces). 

Uckerath,  (Prussia,  Germany) — 
mining  industry — 

copper 287 

lead  287 

zinc  blende 287 

ore-dressing  works 287 

Udine  province  (Sicily,  Italy) — 

bituminous  coal  deposits  (unimportant) 807 

Ueberbacher,  P.  (Bozen,  Tyrol,  Austria),  caraway  oil  and  liqueur,  honey,  butter,  turpentine, 

pitch 110 

Uetikon  (Switzerland)— 
chemical  industry — 

add,  hydrochloric 97 

nitric  97 

sulphuric 97 

copper,  sulphate 97 

iron,  liquor  of,  used  in  silk  manu&cture 97 

lime,  chloride. 97 

salts 97 

soda 97 
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TTetikon  (Switzerlood)— Continued, 
chemical  IndustTy— 

ralphur 97 

tin  Balto 97 

zinc,  chloride 97 

Uleaborg,  Government  of  (Finland,  Eusflia) — 
mining  industry — 

gold 249 

iron 267 

UNITED  STATES- 

Chkmistky  and  Puabmact— 

exhibit,  chemical 6  note,  97-100 

phaimaoentical 15^182 

inadequate 7,8,07 

owing  to  tardy  action  of  Congress 7 

illiberal  appropriation  by  Congress 8 

exhibitors,  number  of 7 

awards,  number  of 7 

proportionately  in  excess  of  other  countries 8 

condition  of  the  industry 8, 97, 98 

need  of  a  foreign  market 8 

excluded  from  France  by  protecUve  legislation. 8 

undue  dependence  on  Europe 08,09 

points  of  manufacture 08 

manufactures — 

borax 08,00 

bromine 54,55,08 

destroyed  European  mannfisoture  from  kelp 54,  55 

taking  the  place  of  chlorine. 00 

"elegant  pharmacy" 115,157,158 

saltpeter 00 

soda,  natural    33.U8.00 

from  Greenland  cryolite 33, 08 

sulphuric  add 10^08 

free  from  arsenic 10 

products,  by-prodocts,  materials — 

acid,  sulphuric 10, 08 

alkathrepta  (cacao  preparations) 100 

alum 00 

ammonia,  sulphate 90. 161 

amyl,  nitrate 157,161 

apollo  fet 161,162 

axle-grease 150 

bark  extract,  for  tanning 160 

berberine,  bydrochlorate 100 

salts 157 

blacking 160 

bleaching  powder 00 

borax 98,09,160,161 

bromine 51,55,08,00 

cacao 180 

camphor 90, 161 

monobromide 09, 1 57, 161 

castor-oil 161 

chlorine 00 

cod-Uveroil \ 148 

colors  08 

cosmoline 161,162 

cosmolubrio lOs 

"elegant  pharmacy" 112 

elixirs 158 

epsom  salts 00,161 

erigeron  oil 150 

extracts,  bark,  for  tanning 100 

licorice-root 180 

vegetable 157 

glycerine 08^161 
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UNITED  STATBS-Contlzmed. 

CHSMiaTBT  AUD  PlIABlfACT— 

prodnoto,  by-produots,  matexlalB— 

glyojirhisine. 100 

iron,  bromide 56 

dialyiad 1S8 

jervift 160 

lead,aoeteto 100,161 

lettUier  drMdng 160 

Uoorioe  root,  extract i.  160 

Inbrioine 150 

mineral  waters 159 

mint,  oil 158 

morphia 100,161 

oils 06 

castor 161 

cod-liver 148 

essential 157,160 

erigeron 160 

orange-flovers 160 

peppermint 150 

petit-grain 150 

sassafras 150 

spearmint 150 

tanzy 159 

wormwood 150 

flaxseed 162 

illominating 160 

linseed 162 

labricating 150,160 

apoUo&t 161,162 

cosmoline 161,162 

cosmolubric 1 62 

sewing-machine 150 

vaseline 161,162 

petroleum 98,161 

peppermint  oil 159 

pepsin,  saccharated 158 

perftimes 08,116,160 

petit-grain,  on  of 150 

petroleum 98,161 

pills 158,159 

sugar-coated 157,158 

plasters 160 

potash,  pmssiate 00,161 

potasainm,  bromide 100,161 

iodide 100 

powders,  bleaching 09 

medicipal 158 

pyrites 0,06 

quinla,  valerianate 100 

saltpeter 09,161 

salts,  berberine 157 

epsom 99, 161 

morphia 100,161 

sassafras,  oil  of 159 

*     soap 98,160 

soda 98,99 

nataral 33,99 

from  Greenland  cryolite 83, 99 

speannint,  oil  of 159 

strychnia 100,161 

sulphur 10,98 

sulphuric  acid 10, 98 

tanning,  extract  of  bark  for 160 

tanzy  oil 159 
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UNITED  STATES-Oontinned. 

CHEM18TBY  AXD  PHABMACT— 

prodacts,  by-prodnots,  materiala — 

toilet  articles 16D 

tnrpentixie 159 

vanilla C7 

Tarnish MO 

vaselioe 161,162 

wormwood,  oil  of 159 

production  and  consumption — 

bleaching-iMwder 99 

borax 96,99 

bromine U,66,» 

chemicals 96 

colors 9B 

gas  and  by-products 96 

oils 96 

perfkimes 96 

petroleum 96 

phamaceutical  products 98 

pyrites 8^96 

soap    06 

soda         33,99 

sulphur 9,98 

TADilla     69 

exports— 

to  France,  prevented  by  her  protective  legislation 8 

borax   99 

bromine M,55i,99 

saltpeter  to  Russia 28,99 

imports — 

bleachlng-powder-ftom  Great  Britain 99 

chemical  appaiatns— 

sulphuric  acid  concentrator  from  France 20 

cod-liver  oil  from  Norway 148 

cryolite  from  Greenland    63,98 

perftimes  Anom  Franco 116 

soda  fh>m  Great  Britain 99 

sulphur  from  Sicily 9^  96 

wines  from  Portugal 150 

Clocks  and  Watchbb— 

exhibits 405 

awardsto    405 

clockfr— 

exhibits  of 405 

pneumatic  clock 405, 406 

watches— 

exhibiU  405^406,467,411 

watch  cases 466 

machine  system  of  manufacture  (Me,  dUo^  Machinery,  bdow)  468-411 

description  of^  in  Judges*  Beports  of  the  Centennial  Bxhlbition,  referred  to         409 

peculiar  lo  TTnited  States 466 

origin  and  growth  of 409,411 

advantages  of— 

interchangeable  parts 408,409,410 

sui>erior  workmanship 406, 409. 41 1 ,  412 

cheapness 408^410,411 

increased  production 411 

operatives  employed 406, 411 

imitated,  on  a  small  scale,  in  France 408;  400, 412 

Switaerland 408,409,412 

Woerd's  compensating  balance 41 2-414 

micrometer 414 

imports— 

from  Switzerland  (before  1850) 410 

diminished 416 


INDEX.  675 

Page. 
UNITED  STATSS-^Continaed. 
Cloosb  akd  Watchxb— 
w»tdhe»— 

exports— 

toAnstraUa 410 

GraatBritAln 410 

India 410 

seed  of  national  observatories 41S 

indnslry  stimalated  by  international  exhibitions 414, 415 

PORXSTST— 

toipentine 160 

bark  extract,  for  tanning 100 

Olass— 


soda^  oarbonate  47 

MMCfEOXmBY  (including  tools,  implements,  appliances,  processes) — 

exhibit  inadequate 391 


American  patterns  imitated  in  Snrope 80S,  800^  307, 308, 372, 377, 880 

aatomatic  cat-olT  steam  engine :  Jerome  Wheelock,  Worcester,  Masa.,exhibited . .  888, 309-371 

illastratlons  of 870*,  371* 

operated  machinery  in  sections  of  Norvray,  Sweden,  United  States . .         300 

awarded  a  grand  prize 800 

loeomotiTes  (sm  Bailway  Apparatus), 
machine  tods- 
planers  of  W.  Sellers  A  Co.,  Philadelphia,  Pa.,  uninteUigent  imitation  of;  in  France.         896 

emery-wheels :  Brown  A  Sharpe  Manufacturing  Company,  Providence,  R.  1 307 

small  tools:  gear-cutters,  taps,  reamers,  drills,  rules,  gages,  etc  397 

moldiiig-maohine  for  foundries :  Aiken  &  Dmmmond,  Louisville,  Xy 307, 388 

metal-working— 
pyrites^ 

Plattner  chlorination  process 235 

silver — 

Luce  &  Bosan  (French)  concentrating  process 187 

mining- 
no  exhibit  of 235 

ore  and  stone  crasher:  Blake  Crusher  Company,  New  Haven, Confl.,  model  ex- 
hibited          802 

alleged  "improvements"  upon,  in  Europe 3flB 

used  in  Austria  308 

stamp-batteries 298,280 

watch-making — 

not  exhibited 405,400 

exhibitof,  at  Centennial  Exhibition,  1878 400 

description  of,  in  Reports  of  Centennial  Exhibition,  refened  to 400 

produces  interchangeable  parts 408, 400 

superior  work 408,400,411 

cheaper  work  408»  411 

greater  quantity 411 

originally  employed  by  Boston  Watch  Comjumy 409 

used  by  American  Watch  Company,  Waltham,  Mass 40&-411 

imitated  or  imported  in  France 408,400,412 

Switzerland 408,409,412 

MlHIRO— 

rbport  limited  to  bunion  production 345 

paper  on  "The  Production  of  the  Precious  Metals  in  the  TTnited  States,"  by  Dr. 

Adolph  Soetbeer,  translated  and  quoted  845-301 

[NOTR.— TA«  gold  and  tOoer  production  ^  the  UniUd  Statet  ia  indetsed  in  detttU 
bcUno,  widsr  the  tUlet  qf  the  produeing  SUUu  and  Ttrritonet,  via : 
Alabama,  Idaho,  Tennessee, 

Arizona,  Montana,  Utah, 

California,  New  Mexico,  Virginia, 

Colorado,  North  Carolina,  Washington  TcTritoty, 

Dakota,  Oregon,  Wyoming.] 

Georgia,  South  Carolina, 
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UNITED  STATBS-Continued. 
MnnNO— 

produotion  and  coDsnmptioii— 

coal 171,215 

copper 176,218,222 

gold 173,197,234,345-361 

iron 172,180,309 

ore 172 

pig 172 

wrooght 172 

lead : 172,205,218,214,222,355 

peat 264 

petroleum 244 

pyrites 9,08,285 

qnioksUver 854,856,836 

sUver 178,203,284,345-361 

steel 172 

solphur 9,fl8 

tin 212,221 

zinc 173,224 

exports — 
copper— 

to  France 175 

gold 846,347,849,850,355 

from  San  Francisco 846»  847, 348, 849, 350, 855 

via  Panama 348,350 

to  China 348,350 

Japan 350 

New  York 350 

lead- 
to  Great  Britain  205 

petroleum — 

to  Australia 244 

sflver 347,358 

imports — 

coal— 

from  Great  Britain ..  215,285 

copper — 

fivm  Great  Britain 218,222 

gold— 

from  British  Columbia 347,849,353,364 

Mexico    347,349,353.854 

iron^ 

« 

ftx>m  Algeria 189 

Elba 309 

lead— 

from  Great  Britain 205, 213, 214, 228 

tin— 

from  Great  Britain 221 

zinc — 

fri>m  Great  Britain 224 

Railways  (including  apparatus,  material,  fixtures,  etc.)— 

exhibit 419,445.468,409 

inadequate 468,469 

extent  of 421 

differences  in  construction  and  administration  fVom  European  railways 421, 422, 445^  469 

etreet-railway  oars — 

designs  imitated  in  Europe 459,461 

exhibits 461 

motorsfor 468 

brakes — 

WestLDghouse  air-brake 466, 467, 469 

used  in  Belgium 467 

France 446,467 

Germany 467 

Great  Britain 467 

on  Celntnre  Railway  at  the  Exposition 467 
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UNITED  STATBS-^ODtinued. 

BjJLWATft— 

oar-wheelB,  exhibited 499 

looomotiTe :  Philadelphia  and  Beading  Railroad  Company,  exhibited 460 

deeping-oar,  Pullman's,  exhibited 447,449,489 

TSXTILB  FaBBXCS— 

woolen — 

borax  soap  used  in  bleaching 160 

AJLABAMA— 
MoriKG — 

gold 846 

production,  1804-'90 846 

ABIZONA— 

MlHINO — 

production — 

of  gold  not  distinguishable  ftom  silver .' 847 

gold  and  sUvep,  ISeS-TS 861,852 

1876-'77 353 

total  product 354 

silver,  1876 360 

abundant  water  supply 356 

CAIJFOBKIA  («««,  aieo,  San  Francisco)— 

paper  money  not  ciroulated :  specie  the  only  medium 348 

MlNIKG — 

gold  345-361 

fineness  compared  with  Australian 281 

standard 848 

discovery  of 346 

the  principal  yield 855 

hydraulic  washing 349,866^356 

imitated  in  New  Zealand 333 

w  loss  of,  in  quartz-stamping 335 

importance  of  water  supply 229, 856 

pyrites— 

Plattner  ohlorinatlon  process 235 

quicksilver 854,355 

used  in  milling  silver  ores 354 

price 354,355 

silver — 

stamp  batteries  used  in  Austria 298,299 

production — 

difficulty  of  estimating 346,348 

methods  of  estimating 358,869,360 

of  gold  Indistinguisbable  from  silver 347 

gold  and  silver,  1868-76 351,352 

1876-'77 358 

total  product 354 

exi>orts  firom  San  Francisco  346, 847, 848, 849, 350, 355 

via  Panama 348,350 

to  China 348,350 

Japan 350 

New  York 350 

gold,  decrease  in 348, 349, 354 

quicksilver '. 354,355 

'  silver 360 

operatives- 
Chinese  as 349 

wages 349 

COLORADO— 
Mdhmq— 

production— 

of  gold  indistinguishable  from  silver 34C 

gold  and  silver,  1868-'76 351,352 

1876-'77 853 

total  product 354 
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UNITED  STATES— Continued. 
COLOBADO- 

MlMIKQ— 

production — 

proportion  of  gold  to  silver 355 

silver WO 

ftbnndant  water  supply 356 

CONNECTICUT  («m  AuHonls.  Lime  Bock). 
DAKOTA— 
Mnmia — 

production — 

gold  and  silver 863, 3M 

abundant  water  suppl j 356 

6E0B6IA— 
IfDnna — 

gold 346 

production 346 

IDAHO- 

IflKIKQ— 

production— 

of  gold  not  disLtnguishable  Aram  silver 347 

gold  and  silver,  1868-75  351,35S 

187«-'77 353 

totalprodnct 354 

silver 360 

water  supply  abundant 356 

KENTUCKY  («M  Louisville). 
LOUISIANA,  (CM,  aUo,  New  Orleats)— 

FOBBffFBT- 

turpentine IBB 

MARYLAND— 

Chkmistbt  and  Pharmact— 

sassafras,  oil  of Ue 

MASSACHUSETTS  (m«.  dUo,  Boston,  Itoxbury,  Waltham,  Woroester)> 

WATCH-KAKDfO— 

machine  system  of  manufBcturu 406-411 

origin  and  growth  of 400, 411 

description  of  worlES  at  Waltham,  in  Judges'  Beports,  Cmtennial  Exhibition^ 

referred  to 400 

operatives  employed 400^411 

MICHIGAN  (MS  Centreville,  Nottawa). 
MONTANA- 
MINING— 

production— 

of  gold  not  distinguisliable  fbom  silver 347 

gold  and  silver,  1868-75 351 .  3S2 

1876-77 8S3 

totalprodnct 854 

silver,  1876 860 

dependent  on  water  supply 366 

NEVADA  (see,  dUo^  Comstook  Lode,  Eureka)— 
Mining— 

production — 

of  gold  not  dlstinguiahable  from  silver 847 

gold  and  sQver,  1868-75 351,852 

1876-'77 858 

totalprodnct 354 

Comstook  Lode 355 

gold,  1871-76 800 

silver 854^357 

1871-76 

method  of  estimating 808, ; 

Luce  &.  Rosan  process  of  concentrating  silver 187 

water  supply  abundant 856 
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UKITBD  STATES— Contbined. 

NEW  MEXICO— 
Miking— 

prodiictUm — 

of  pild  not  cUatinguishable  from  ailTer 847 

gold  and  ailTer,  1808-75 351.852 

1870-77 858 

total  product 854 

gold  the  prindpal  yield 855 

silver 800 

dependent  on  water  sapply 800 

NEW  YORK  iue  Brooklyn,  BufBdo,  Long  laland  City,  Lyons,  New  York  City,  Phelps). 
KORTU  CAliOLINA— 

MlMlKO— 

gold 840 

production 840 

OHIO- 

Chimibtbt  and  Phabmact— 

bromine 60^  W 

OBEGON— 

MiKINO — 

production— 

of  gold  indistingaishable  firom  silTor 847 

guld  and  silver,  1808-75 851,852 

1870-77 858 

total  product 854 

abundant  water  supply 800 

PENNSYLVANL^  («m.  oiM,  Phikdelphia)— 
Chuiistuy  and  Phabmact— 

bromine 5o 

soda,  from  Oreenland  cryolite 96 

RHODE  ISDAND  (sm  ProTidence). 
SOUTH  CAROLINA- 

MiKIXO — 

gold 840 

prtMlucUon.  1804-'50 840 

TENNESSEE— 

MiNINQ — 

gold 840 

production,  1804-*50 840 

UTAH— 

MiKIMG— 

production— 

of  gold  indistinguishable  ftom  silTer 847 

gold  and  sttver,  1870-75 851,852,854 

1870-'77 858 

total  product .854 

chiefly  silver  fhnn  lead 855 

gold,  1874 

silver,  1870 

abundant  water  supply 860 

VIROINIA  («ee,  alto,  Burkeyille,  Well- Water). 
Cbemistky  and  Phabmact— 

saasufras,  oil  of 169 

MlKisn— 

gold 840 

pro<luolion,  1804-'50 840 

WASHINGTON  TERRITORY— 
MnnNo— 

production — 

of  gold  not  distinguishable  firom  bUtst 847 

gold  and  sUver,  1808-75 851,858 

1876-70 858 

total  product 864 

abundant  water  supply 350 
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X7NITBD  STATES^Ccmtiiiaed. 
WEST  VIBGINIA— 

Chemibtbt  and  Pqabmact— 

bromine 55 

WYOMING- 
MIMING  AKD  METALLUROT— 

natural  soda  deposits 33 

prodnction — 

of  gold  indisttnguiBhable  from  silver 347 

gold  and  silyer,  1868-75 351, 

187e-'77 

total  product 354 

United  States  Congress — 

inadequate  provision  for  the  Exposition 7, 8 

occasioned  inadequate  representation  of  the  country 7, 8, 391, 468, 469 

United  States  Department  of  Agriculture  <  Washington^  D.  C),  essential  oils 160 

awards  to  exhibits  by 168 

Universal  Exhibition  (tee  International  Exhibition). 
Upsala  (Sweden)— 

Chemical  industry — 

aseptine 152 

boricacid  152^1^ 

Ural  Mountains  (Russia) — 

mining  industry 247 

iron 247,257 

gold 248,250 

vein  mining - 248, 250 

nickel 254 

platinum 280,251 

silver 252 

Uranium  (see  Chemistry ;  obo.  Mining). 
URUGUAY- 
CHEMICAL  exhibit 156 

Usines  desMoulins  (Ghent,  Belgium),  soda,  acids,  bcneine,  etc 76 

Utah  (tee  United  States). 

Val  di  Ledro  (Tyrol,  Austria)— 
chemical  industry- 
magnesia 75 

Vale  of  Clwydd  (New  South  Wales,  Australia)— 
mining  industry — 

coal 248 

Valentin-Cooq  (Belgium)- 
mining  industry- 

sine 286 

furnaces 286 

zinc-white  works 286 

coUiery , 286 

Valentine,  method  of  producing  forro-cyanide 60 

Valentine,  superintendent  of  Wells,  Fargo,  St  Co.  's  Express,  estimate  of  bullion  shipments  from 

Bocky  Mountain  mining  regions 880,358,858 

Valeri,  R  (Vicenxa,  Italy),  castor-oU 148 

VaUengo  (Portugal) — 
mining  industry — 

coal,  anthracite , 880 

Van  Dlemen's  Land  (see  Great  Britain :  colonies :  Tasmania). 
Vuron6ga  (Russia)— 
chemical  industry- 
essential  oils,  anise ISO 

mint UO 

Varrall,  Elwell,  &  Middleton  (Paris,  France),  planing-maohines 884,  ttS 

Vauquelin,  L.  N.  (Paris,  Franco),  extraction  of  potassium  salts  from  suint  of  raw  wool 20 

Vedrin  (Belgium)— 
mining  industry- 
it  on  ^ 270 
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VeoA  duloe,  BiBoayan  Iron  ore,  red  hematite,  definition  of. 816 

analysis  of 817 

Tenetia  («m  Italy:  provinces). 
VENEZUELA— 

OHSMIBTKY  AMD  PHABMAOT— 

exhibit 164 

condition  of  theindnstry 154 

products— 

caoutohoao 154 

cedar,  resin 164 

ceradilla 154 

cinchona  bark 154 

cochineal 154 

copaiba 164 

dyestofib 154 

sarsaparilla 164 

simarouba 154 

tauning-materiala 164 

tonqna  beans 1 64 

Railways— 

Fairlie*8  (EngUsh)  double-boiler  narrow^gage  locomotlYes  used  on .468*,463 

Venezuelan  Government  Bailway,  Fairlie's  (English)  double-bogie  narrow-gage  locomotive 

usedon 453,464 

illustration  of 462* 

Verangeville-Dombaale  (Fiance)— 
chemical  industry- 
soda  46,81 

calcium,  ohloiide  81 

VermUion  (tee  Chemistry ;  dtao.  Mining). 
Verona  (Italy)— 

lignite  deposits 307 

Verayl  (G.  G.)  &  Co.  (Wilsele,  Belgium),  saltpeter,  soda 76 

VeetQord  (Norway)— 
flahery— 

cod 148,147 

Veoin  (Belgium)— 
mining  industry- 
iron 279 

Viatka,  Ctovemment  of  (European  Russia)— 
mining  industry^ 

copper   263 

iron 256 

Viborg,  Government  of  (Finland,  Russia) — 
mining  industry- 
iron 257 

tin 247,253,254 

Vicenaa  (Italy)— 

chemical  industry— 

castor-oil 142 

mining- 
lignite 307 

Victoria  (SM  Great  Britain:  colonies:  Australia). 

"Viotorisn  Year  Book  "cited 288 

Viellle-Montagne  (sm  8oci6t6  Anonymc  des  Mines  et  Fonderies  de  Zincde  la  VidUe-Montagne, 

Lidge,  Belgium). 
Vienna  (Austria)^ 

chemical  industry 103 

ammonia 75 

camphor HI 

wlnnabar 75 

essential  oils 109 

extracts 109 

fVuit  essences 109 

gelatine  preparations 166;  109,  111 

mercury 76 
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Ylenna  (Aii8tiiA)~-Continued. 
chemical  indostry — 

ocokerit 72 

paraffine 72 

perflimeiy,  toilet  articlea IM^lll 

IMtaah,  pmaslate 73 

prepared  herba UO 

saltpeter 76 

Boap 100,111 

sulphuric  aoid 78 

tartaric  add M 

uranium 75 

yanadium 76 

gas  works,  ammonia  produced  from  the  waateof <. 75 

machinery  manufacture — 

steamenginea 873, 378*,  874*,  275 

railwagr  apparatus  manufactured— 

passenger  cars 4S8 

freightcars 428 

locomotives 428 

Polytechnic  School—- 

tests  of  steel  boiler  plates  made  at 441 

Vienna  Exposition  («m  lotemationol  Bxhibltlons). 
Yienne  (Is^re,  France) — 

machinery  manufkctured — 

paper-working  machinsH 882 

Vilia  Real  (Portugal)— 

mineral  waters. 149 

Villach  (Garinthia,  Austria)— 
mining  industry — 

lead 288 

Yillevert  (France),  engineer  and  railway  oonatmctor,  essay  on  cheap  railways  reftTred  to 428 

Tiews  of  gage  of  railways 454 

Ville-en-Waret  (Belgium)— 
mining  industry- 
iron 278 

Yilna,  Government  of  (European  Russia) — 
mining  industry — 

iron : 206 

YilVorde  (Belgium)— 
chemical  industry — 

soda 44 

Yincent,  C.  (France),  method  of  distilling  potash  ttom  beet-root  sugar  residuum 88 

soda  manufacturing  process 60 

Vineyards  in  France,  devastated  by  the  phylloxera 79 

(See^  otfo.  Agriculture ;  aUo^  Phylloxera.) 
Virginia  (gee  United  States). 
Viviea  (Aveyron,  Franco)— 
mining  industry — 

furnaces 287 

Ylaanderen,  Dr.  C.  L. ,  oonstmotor  of  Aunace  for  reducing  tin  ore 342 

analysis  of  Banca  (Dutch  East  Indies)  tin 843 

Vladimir,  Government  of  (European  Knasia) — 
mining  industry- 
iron 286 

Volhynie,  Government  of  (European  Rnssia) — 
mining  industry- 
iron 266 

Vologda,  Government  of  (European  RnM!.a)— 
mining  iudnstiy— 

iron.... 286 

Yoralberg  (Tyrol,  Austria)— 
chemical  industry — 

sulphuric  aoid 71 

Vorater,  writlngH  on  the  Glover's  tower 17, 18 
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Yulc&no,  IdADd  of  (Itely) — 
chemioal  industry— 

bonusioacid W 

mining  indoBtry— 

borates * M 

Waag  (A.)  A.  B.  Repmann  (Doubovka,  Rnsaia),  etheriftl  oils  of  mnstard  and  peppermint ISO 

Tragenmann,  Seybel,  &  Co.  (Liesing,  Vienna,  Austria),  chemical  prodnots,  sulphuric,  nitric,  tar- 

tarioacid8,etc 74,75 

Wagner,  method  of  maaufaotutlng  nitric  aoid  38 

Wales,  Welsh  «m  Great  Britain) . 

Walker,  fiirnaoe  for  burning  p3'ritC8 12 

Wallace  Bros.  (Statesville,  N.  C. ),  plants,  herbs,  flowers 182 

Wallaroo  (South  Australia)— 
mining  induslTj'— 

ooppw 289 

Wallerawang  (New  South  Wales,  Australia) — 

mining  industry—  • 

coal 242 

Walters  (Ciermany),  method  of  manufacturing  sulphuric  anhydride 25 

Waltham,  Kaas.— 
manufactures — 

machine-made  watches 405,408,411,412-414 

system  of  manuCbcturn  by  machinery 406 

economy  of 408 

advantage  of  interchangeable  parts 408 

production  of  watches  and  parts 400, 410, 411 ,  414, 415 

exports  to  Australia 410 

Great  Britain 410 

India 410 

operatives  employed 408 

description  of  works  of  American  Watch  Company  in  reports  on  the  Centennial  Ex- 
hibition referred  to 400 

Walz,method  of  manufiftoturing  nitric  acid 28 

Wander,  Dr.  G.  (Berne,  Switzerland),  preparations  of  malt 166 

Wardrecques  (France) — 
chemical  industry — 

salts  from  residues  of  alcohol  manufacture 83 

potash,  carbonate 83 

Wargounine,  E.  (Saint  Petersburg,  Russia),  acids,  sulphates,  salts,  general  chemicals 98 

Warner  (William  R.)  &  Co.  (Philadelphia,  Pa.),  sugar-coated  pills  and  granuli-s 157, 168 

Wars- 
Greece,  Peloponnesion  War,  431-404  B.  C— 

revolt  of  15,000  slave  miners  at  Laurium,  and  suspension  of  the  mines 336 

in  ancient  Gaul  and  medisBval  France — 

checked  mining  industry 174 

Thirty  Years'  War,  l6l8-'48— 

interrupted  mining  in  France 174 

Bohemia • 300 

Gfreeoe,  chronic  modem  wars — 

combined  with  misrule  to  repress  mining  industry 339 

France-Germany,  1870-71— 

transfer  of  Alsace-Loraine  from  France  to  Germany 176, 424 

damaged  iron  industry  in  France 176 

Spain,  Carlist  War,  1872-75- 

checked  mining  industry  in  Spain 190,816 

stimulated  mining  indiistry  in  Algeria 100 

Russia-Turkey,  1877-78— 

occasioned  exi>ortof  saltpeter  from  United  States  to  Europe 28,09 

Warsaw  (Russia)— 
chemical  industry- 
acid,  chromic 96 

magnesia,  carbonate 96 

sulphate 96 
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Wamaw  (Riuisia) — Contliitied. 
chemical  industry — 

pharmaceutical  products 150 

saltpeter 96 

Washington  Chemical  Company  (Newcastle,  England),  carbonate  of  magnesia 91 

Washington  Territory  (Me  United  States). 
Washoe  (Nevada) — 
mining  industry — 

silver 8M 

Watches  (see  Clocks  and  Watches). 
Water  supply  in  mining  {tee  Mining). 

Way,  J.  T.,  method  of  manufoctnring  superphosphates 57 

Weldon,  Walter  (Blalrstow,  England)— 

soda  manufacturing  process 51 

chlorine  manufacturing  process,  regeneration  of  oxide  of  manganese 52,63,1X1 

apparatus  used  in  France 53»  78;  79, 80,  S4 

model  of  apparatus  exhibited 00 

products  exhibited 90 

Welkenraedt  (Belgium)— 
mining  industry— 

calamine 280 

lead , 286 

zinc  blende 

calcining  furnaces 

ore-dressing  works 286 

Wellesley  (tee  Graat  Britain:  colonies:  Straits  Settlements). 

Wells,  Fargo,  Sc  Co.  (San  Francisco,  etc.),  statements  of  bullion  shipped  fVom  Rocky  Mountain 

mining  regions 946,850,353,354.856,858 

Well  Water,  Va.— 

chemical  industry — 

oil  of  sassafras 150 

Welwam  (Bohemia,  Austria), 
chemical  industry — 

soda 73 

Werner  A  nall6  (Warsaw,  Russia),  magnesia,  saltpeter,  chromic  acid 06 

Western  Australia  (tee  Great  Britain :  colonies :  Australia). 
Western  Railway  Company  of  France- 
exhibit  by  431,432 

locomotives  and  tenders 432-485 

illustrations  of 482*,  484* 

•  steel  rails 420 

Westinghouse  air-brake 467 

first-class  passenger  coach 446-447, 467 

illustration  of 446* 

Weetinghouse  Air-Brake  Company  (Pittsburgh,  Pa.) — 

automatio  brakes  exhibited 466^467,460 

brakes  used  in  Belgium 467 

France 446,467 

(Germany 467 

Great  Britain 467 

United  States 467 

Westland  province  (New  Zealand)— 

gold  mining ^ 233 

Westphalia  (tee  Germany). 
West  YirgizOa  (see  United  States). 

Wheat,  increased  price  ot  in  Great  Britain 108 

Wheelock,  Jerome  (Worcester,  Mass.)— 

automatio  cut-off  steam  engine 868^  360-371 

ftunisbed  power  to  American,  Norwegian,  and  Swedish  sections  of  the  Exposition 360 

awarded  grand  prize 860 

sectional  view  of  cylinder 370* 

side  view  of  cylinder 370* 

view  of  valves 871* 

White  (Charles  T.)  &  Co.  (I .  ew  York  City),  morphia,  strychnia^  potassa,  quinia 100, 161 

Whitney  (A.)  &Son8  (Philadelphia,  Pa.),  cast-iron  car-wheels 460 
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Whitney,  J.  D,  bis"  MetaUic  Wealth  of  the  United  Statea"  cited 84tk846 

Whitworth  (Sir  Joseph)  &  Co.  (Manchester,  England)— 

tools,  hydraulic  testing-machines,  measoring-maohines,  lathes,  gages 396 

shaplng-machineii,  qnick-retnm  motion  on 8M 

manufiBMstures  in  steel 420 

Widnes  (England)— 
chemical  industry — 

lime,  chloride 89 

soda 44 

black  ash 89 

caustic 89 

sulphate 89,90 

apparatus  for 90 

mining  industry — 

copper  extraction  from  pyrites 204 

Wiesloch  (Baden,  Germany) — 
mining  industry  — 

calamine 287 

ore-dressing  works 287 

Wilkinson,  C.  S.,  goyemment  geologist,  Kew  South  Wales- 
writings  on  gold  deposits  in  Australia  cited 229 

his  "Annual  Report  of  the  Department  of  Mines,  New  South  Wales,  1876" 280 

writings  on  tin  production,  Australia 230 

coal  formations,  Australia , 241, 243 

Willemite,  anbydrous  silicate  of  zinc,  definition  of 282, 290 

Wilsele  (Belglnm)^ 
chemical  industry- 
soda  . 76 

saltpeter 76 

Wine  {tee  Agriculture ;  also,  Chemistry :  products). 

Winkler,  Professor  (Freiberg,  Germany),  process  of  mannf  icturing  fuming  sulphuric  acid 24, 54 

Winterthnr  (Switzerland) — 
machinery  manufaclure — 

steam-engines 376*,  876, 877,  378* 

Wisconsin  (see  United  States). 

Woad,  dye-stuflf,  grown  in  France 113 

Woerd,  Charles  Yander,  mechanical  superintendent  of  the  American  Watch  Company  (Wal- 

tham,Mas8.) 412 

bronze  medal  awarded  to  as  collaborator 405,412 

compensating  balance  inTcnted  by 412-414 

Wolf  Bros.  &Keech  (Centreville,  Mich.),  essential  oils 150 

WoUaston,  Wm.  Hyde  (London,  England),  process  of  manufacturing  platinum 04 

WoUeston,  process  of  extracting  iodine  from  kelp 50 

Wood,  qninologist  for  the  Sikkim  plantations,  British  India 130 

method  of  quinine  manufacture 130 

Woolf  ( England ) ,  steam  engine 371, 878 

Woolwich  (England)— 
JEioyal  Arsenal — 

experiments  with  coal  Aram  New  South  Wales  242 

Worcester,  Mass. — 

machinery  manufacture- 
steam-engines  869, 370*,  871 

World's  Fairs  {gee  International  Exhibitions). 
Worsetz  (Hungary)— 
chemical  industry — 

fish  glue 144 

tartar 144 

tinctorial  substances 144 

WulfT,  H.  A.,  director  of  Agxionltural  School  of  Applerum  (Ealmar,  Sweden),  products  fhmi 

thedistiUationofwood 162 

Warbmthal  (SQesia,  Austria), 
chemical  industry — 

sulphuric  acid 73 

Wurtembcrg,  Eingdom  of  {eee  Germuiy). 

Wyeth  (John)  &>  Bro.  (Philadelphia,  Pa.),  elixirs,  comproased powders,  diiilyzed  iron,  pepsin..         168 
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Poge. 
Wynaad  (British  lodift)— 
foroetiy— 

olnchana  cultivation  188 

Wyiidhttm(F.)  &Co.  (London,  Englttnil),  "  spirit  of  eggs" 181 

Wyoming  (»ee  United  States). 

Yelabong  (Bussia) — 
ohemical  industry — 

acid,  Btdphnric 86 

alnm 88 

copper,  sniphate 86 

iron,  ohromate 86 

potash,  ohromate 86 

Yorkshire  (BnglsBd)— 
mining  industry — 

iron  ptoduotion 188 

Young  (D.M.)  &Co.  (Boston,  IfisflS.),  extraotof  bark  for  tanning 100 

Zaccar  (Algiers,  Algeria)— 

iron  mines 1S8 

Zampari,  P.  (Altarilla,  Italy),  snlphiiv 88 

Zante  (Greece)— 

chemical  industry-— 

salt ^ 81 

Zdphyria  (Greece)— 
chemical  industry- 
alum ^-.^.-_^^  .^ 81 

Zmthal  (Austria)— 

lignite  deposits 88* 

Zinc  (fM  Mining). 
Zimiwald  (Bohemia,  Austria) — 
mining  industry — 

tin 888 

Zurich  (Switzerland)— 
chemical  industry — 

coloring-matter,  succedaneum  for  oil  In  turkey-red  dye 156 

ZwoUe  (Netherlands) — 
chemical  industry — 

ammonia,  sulphate 88 

superpho8p1i  ates - 88 


